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^ND_USES_THEREFOR 



^££kjgr ound 

0 5 lEIUHZii^ at icm 

Immunity to a foreign antigen (e. g. , a pathogen or 
toxin) can be provided by passive transfer or active 
induction. In the former case, antibodies against the 
foreign protein pathogen are injected into an individual, 
with the result that short-term protection is provided. 

10 In the latter case, injection of a harmless (innocuous) 
form of the pathogen, a component of the pathogen, or a 
modified form of the toxin (i. e., a toxoid) stimulates 
the individual's immune system, conferring long-term 
protection . 

15 Active immunity can be induced, provided an 

individual's immune system is competent, by using an 
appropriate antigen to stimulate the immune system. For 
example, immunization (vaccination) with an innocuous or 
attenuated form of the pathogen in this manner results in 

20 an immediate immune response, as well as immunological 



WO 90/00594 



PCT/US89/02962 



-2 



05 



10 



20 



"memory", thus conferring long-term protection as well. 
In general, vaccines include inactivated, nonpathogenic 
or attenuated forms of a pathogen or infectious agent, 
which include antigenic determinants of the pathogen and 
thus elicit an immune response. Similarly, toxins, which 
are antigenic substances produced by microorganisms, 
plants and animals, can be converted to toxoids; that is, 
they can be modified to destroy their toxic properties 
but retain their antigenicity and, as a result, their 
ability to stimulate production of antitoxin antibodies 
and produce active immunity. Such toxoids can be used 
for vaccines against the toxin. 

In both cases- -that involving stimulation of an 
immune response by administration of an altered form of 
15 an infectious pathogen and that invo Iving' administration 
of a toxoid- -presently-available procedures are generally 
effective, but side effects and deaths resulting from the 
vaccination are known to occur. 

Safer vaccines are now being developed through 
application of better knowledge of the antigenic 



determinants of a pathogen and of genetic engineering/ 
recombinant DNA techniques. For example, it is possible 
to make a polypeptide (e. g. by chemical synthesis or 
expression of DNA encoding the polypeptide of interest) 
which is a component (e. g., an antigenic determinant) of 
a protein antigen known to elicit an immune response. 
Administration of the polypeptide to a host is followed 
by an immune response by the host to the antigenic 
determinant. Use of such a polypeptide is not 
accompanied by the risk of infection which accompanies 
use of live or attenuated vaccines. 

Immunization (administration of a vaccine) is a 
common and widespread procedure and the vaccine used can 
be essentially "any preparation intended for active 
immunological prophylaxis", including preparations of 
killed microbes of virulent strains, living microbes of 
attenuated strains, and microbial, fungal, plant, 
protozoal or meUzoan derivatives or products. S t e dman ' s 
Zil.H££i£££^-_^£^i££i--^i££i£S^£Z (2.4th edition), Williams & 
Wilkins , Baltimore, p. 1526 (1982). In many cases, 
vaccines must be administered more than once in order to 
induce effective protection; for example, known 
anti- toxin vaccines must be given in multiple doses. 

Childhood vaccination is commonplace and generally 
successful in developed countries, where there is ready 
access to health services and multiple immunizations 
(e.g. immunization against multiple pathogens and serial 
or multiple immunizations against a single pathogen) are 
possible. In the developing world, vaccination is far 
less common and far more problematic. For example, only 
about 20 percent of the 100 million children born in the 
developing world each yealr are- vaccinated agaiitst 
diphtheria, pertussis, tetanus, measles, poliomyelitis 
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and tuberculosis. It is estimated that each year, 5 
million children in the developing world die and another 
5 million children are physically or mentally disabled by 
these diseases, which could be prevented if adequate 
immunization were possible. Availability of effective 
vaccines which can confer long-term immunity with a 
single administration would, of course, be valuable in 
both developed and developing countries. 

Vaccination of adults is also helpful in preventing 
many diseases in adults and, as is the case with 
children, in developing countries may prove to be 
difficult to carry out, particularly if multiple 
immunizations are necessary. Diseases such as leprosy, 
malaria, tuberculosis, and poliomyelitis, among others, 
15 have a high incidence among adults in Africa, Asia and 
Latin America and are the causes of thousands of deaths 
annually . 

Much effort has been expended in developing vaccines 
against major diseases and, recently, consideration has 
20 been given to recombinant vaccine vehicles (e. g., 

genetically engineered viruses) to express foreign genes. 
For example, recombinant vaccinia virus, in which viral 
antigens are inserted into vaccinia virus --has been 
developed. For example, hepatitis B genes, influenza 
25 virus genes or DNA encoding rabies virus antigen have 

been spliced into vaccinia virus DNA in efforts to make 
vaccines. Panicali , D . et, al . , P r o c e e d i n£ s _ o f _ t h e 
M£ £i£££i_A c a^ e ray_ o f _ 1 £ i £ ££ £ iLz_H SAj„ 8 0 : 5364-53 68 (1983); 
Orr, T . , Gene t i c^En^ine e r ing_New , p. 17, (Karch 1985); 
Paoletti, E. and D. Panicali, U. S. Patent 4,603,112. 

It is widely agreed, however, that such recombinant 
vaccinia virus would have at least two important 
drawbacks as a vaccine. First, there is a significant 
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mortality and morbidity (1:100,000) associated with 
vaccinia virus, which is untreatable . Second, 
vaccination with recombinant vaccinia of individuals 
previously exposed to vaccinia virus has often failed to 
05 produce satisfactory immunization levels. Fenner, F . , 

^g-^£EI£5£Ml-£Q-yi^MBi^£XglgEB£B£ » R • B e H and G . 
Torrigiani (ed.), Schwabe & Co., p. 187 (1984). 

To date, vaccines have been developed which, 
although effective in many instances in inducing immunity 
10 against a given pathogen, must be administered more than 
once and may be unable to provide protection, on a 
long-term basis, against a pathogen. In addition, in 
many cases (e. g., leprosy, malaria, etc.), an effective 
vaccine has yet to be developed. 

15 Mycobacteria 

Mycobacteria represent major pathogens of man and 
animals. For example, tuberculosis is generally caused 
in humans by M^cobac ter 1^15— Xll-i.).— ^iik£^£Hi£^i ^ anci in 
cattle by MY£obacterium^M^2_bovis (which can be 

20 transmitted to humans and other animals, in whom it 

causes tuberculosis). Tuberculosis remains widespread 
and is an important public health problem, particularly 
in developing countries. It is estimated that there are 
approximately 10 million cases of tuberculosis world- 

25 wide, with an annual mortality of 3 million. Joint 

International Union Against Tuberculosis and World Health 
Organization Study Group, Tubercle, 63:157-169 (1982). 

Leprosy, which is caused by Mj_ .!££££ £ > afflicts over 
10 million people, primarily in developing countries. 

30 Bloom, B. R. and T, Godal * \ Review_of £££i££s_2is_£a^£js , 
5:657 - 679 (1984). M^^tu^e^cu^o s i. s and mycobacteria of 
the avium- intracellulare - scrofulaceum (MAIS) group 
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represent major opportunistic pathogens of patients with 
acquired immunodeficiency disease (AIDS) . Centers for 
Disease Control, Morbldity_and_Mo rtali t y g e ekl y_Re p o r t A 
34:774 (1986). llj__2^£H^£^M^er culos l£ is a major pathogen 

05 of cattle. 

On the other hand, Bacllle Calmett e - Guer in (BCG), an 
avirulent strain of M . bovis , is the most widely used 
human vaccine in the world and has been used as a live 
vaccine for more than 50 years. In the past 35 years, it 

10 has been administered to over 2.5 billion people, with 
remarkably few adverse effects (e. g. f estimated* 
mortality of 60/billion) . BCG has been found in numerous 
studies to have protective efficacy against tuberculosis. 
Recently, however, it was found not to be effective In 

15 preventing pulmonary tuberculosis in Southern India. 

Tuberculosis Prevention Trial, Madras, Indian_J ournal_o f 
^dical Research^ 72 ( suppl . ) : 1 - 74 (1980) . 

Thus, although there are numerous vaccines 
available, including BCG, many are limited in value 

20 because they induce a limited immune response, must be 

given in multiple doses and/or have adverse side effects. 
In other cases (e. g. , leprosy, malaria), a vaccine is 
simply unavailable. It would be of great value if a 
vaccine against a pathogen or pathogens of concern were 

25 available which provided long-term stimulation of 

immunity in recipients sufficient to provide protection 
against the pathogen(s) without adverse effects. 



D I sgIosure_of_the_Invention 

The present invention relates to genetically recom- 
binant (genetically engineered) cultivable mycobacteria 
which express DMA of interest which has been incorporated 
into the mycobacteria, in which it is present In the 
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mycobacterial genome or extrachromosomally , using genetic 
engineering techniques; to vectors useful for the 
introduction of DNA of interest into mycobacteria; to 
methods of introducing DNA into mycobacteria and to 
methods of incorporating or integrating DNA stably into 
the mycobacterial genome to produce genetically 
recombinant mycobacteria. It further relates to a method 
of transferring genetic material between different genera 
of microorganisms by means of genetically engineered 
shuttle vectors, which are shuttle phasmids or shuttle 
plasmids . These shuttle vectors, which are also the 
subject of the present invention, are useful for the 
transfer of genetic material between different genera of 
microorganisms and introduction of DNA of interest into 
15 mycobacteria. 

Recombinant DNA vectors of the present invention are 
of two types: a temperate shuttle phasmid and a 
bacterial -mycobacterial shuttle plasmid (e.g., ^^-££11 " 
mycobacterial shuttle plasmid) . Each type of recombinant 
20 vector can be used to introduce DNA of interest stably 
into mycobacteria, in which the DNA can then be 
expressed. In the case of the temperate shuttle phasmid, 
which includes DNA of interest, stable integration into 
the mycobacterial chromosomal or genomic DNA occurs via 
25 site specific integration. The DNA of interest is 

replicated as part of the chromosomal DNA. In the case 
of the bacterial- mycobacterial shuttle plasmid, which 
includes DNA of interest, the DNA of interest is stably 
maintained extrachromosomally as a plasmid (as a 
30 component of the plasmid). Expression of the DNA of 

interest occurs extrachromosomally as a plasmid (e.g., 
episomally) . For example, a gene or. genes of interest 
is/are cloned into a bacterial -mycobacterial plasmid and 
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introduced Intro a cultivable mycobac ter ium , where it 
undergoes episomal replication (extrachromosonral 
replication) . As a result of the work described herein, 
promoters which will express in mycobacteria have been 
defined; for example, the promoter expressing kanamycin 
resistance, the promoter expressing chloramphenicol 
resistance and the cl promoter have been shown to express 
in mycobacteria. 

The recombinant vectors of the present invention are 
useful in the method of the present invention, by which 
genetic material can be transferred between different 
genera of microorganisms (e.g., between bacteria and 
mycobacteria). They have made it possible to introduce 
into mycobacteria, such as Mycobac ter ium_s me .g mat is; (M_^ 
15 s m egm a t I s ) and Mycobacterium bovis-BCG (BCG) , DNA from 
another source (e.g., DNA from a source other than the 
mycobacterium into which the DNA is being incorporated- - 
for example, M^smegmati s or BCG). The DNA from another 
source is referred to herein as DNA of interest. Such 
DNA of interest can be of any origin and Is: 1) DNA 
which is all or a portion of a gene or genes encoding 
protein(s) or polypeptide ( s ) of interest; 2) DNA encoding 
a selectable marker or markers; or 3) DNA encoding both a 
selectable marker or markers and at least one protein or 
polypeptide of interest. The proteins or polypeptides of 
interest can be, for example, proteins or polypeptides 
against which an immune response is desired (antlgen(s) 
of interest), enzymes, lymphokines , immunopo t ent iator s , 
and reporter molecules of interest in a diagnostic 
context . 

DNA of interest can be Integrated or incorporated 
into' the mycobacterial genome and is referred to as ' 
integrated DNA or Integrated DNA of interest. As a 



20 



25 



30 



WO 90/00594 



PCT/US89/02962 



-9- 



result, DNA of interest can be introduced stably into and 
expressed in mycobacteria (i.e., production of foreign 
proteins is carried out from the DNA of interest present 
in the mycobacteria). Alternatively, DNA of interest is 
05 integrated into mycobacterial DNA, through the method of 
the present invention, as a result of homologous 
recombination. According to the method of the present 
invention, a recombinant plasmid is used for introduction 
of DNA of interest into mycobacterial cells and for 
10 stable integration of the DNA into the mycobacterial 
genome. The recombinant plasmid" used includes: 1) 
mycobacterial sequences (referred to as p lasmi d - b o rne 
mycobacterial sequences) necessary for homologous 
recombination to occur (between, p lasmid -borne 
15 mycobacterial sequences and sequences in the 

mycobacterial genome); 2) DNA sequences necessary for 

replication and selection in E^. c o 1 i ; and 3) DNA- of 

interest (e.g., DNA encoding a selectable marker and DNA 
encoding- a protein or polypeptide of interest). The 
20 recombinant plasmid is introduced, using known 

techniques, into mycobacterial cells. The mycobacterial 
sequences in the plasmid can be identical to those 
present in the mycobacterial genome or sufficiently 
similar to those present in the mycobacterial genome to 
25 make homologous recombination possible. "Recognition" of 
homology of sequences present in the p lasmid - bo rne 
mycobacterial DNA and identical of sufficiently similar 
sequences present in the mycobacterial genome results in 
crossover between the homologous regions of the incoming 
(plasmid-borne ) mycobacterial DNA and the genomic 
mycobacterial DNA and integration of the recombinant 
plasmid into the mycobacterial genome. Integration v 
occurs at a selected site in the mycobacterial genome 
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which is non-essential, (i.e., not essential for 
mycobacterial replication) . Integration of the 
homologous plasmid sequences is accompanied by 
integration of the DNA of interest into the mycobacterial 
genome . 

The present invention further relates to recombinant 
mycobacteria which express DNA of interest which has been 
integrated into the mycobacterial DNA or which is main- 
tained extrachromosomally as a plasmid. Such recombinant 
mycobacteria can be produced by introducing DNA of 
interest into any appropriate mycobacter iura , such as 
smegmat is , tt. bovis-BCG , avium, M^_ghlei, 

> for tui turn, M . l ufu, M^ar atub er culo s is , M. habana, 
££££f ulac£uni and H . in tr ace llulare . In recombinant 
15 mycobacteria in which DNA of interest is integrated into 
genomic DNA, the DNA of interest is present in such a 
manner that 1) a mycobacterial gene is replaced (i.e., is 
no longer present in the mycobacterial genome) or 2) the 
DNA of interest is inserted into a mycobacterial gene, 
20 with the result a) that the mycobacterial gene is left 
intact and functional or b) that the mycobacterial gene 
is disrupted and rendered nonfunctional. 

The resulting genetically recombinant mycobacteria 
(e.g., recombinant BCG, recombinant M^^smegmatis) are 
25 particularly useful as vehicles by which the DNA of 
interest can be expressed. These are referred to as 
genetically recombinant mycobacteria or mycobacterial 
expression vehicles. Such vehicles can be used, for 
example, as vaccine vehicles which express a polypeptide 
or a protein of interest (or more than one polypeptide or 
protein), such as an antigen or antigens, for one or more 
pathogens of interest,. The recombinant mycobacteria can 
also be used as a vehicle for expression of 
immunopo tentiators , enzymes, pharmacologic agents and 
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antitumor agents; for expression of a polypeptide or a 
protein useful in producing an ant i - f er tili ty vaccine 
vehicle; or for expression of stress proteins, which can 
be administered to evoke an immune response or to induce 

05 tolerance in an autoimmune disease (e.g., rheumatoid 

arthritis). Recombinant mycobacteria can, for example, 
express protein(s) or polypeptide ( s ) which are growth 
inhibitors or are cytocidal for tumor cells (e.g., 
interferon a, 0 or 7; interleukins 1-7, tumor necrosis 

10 factor (TNF) a or 0) and, thus, provide the basis for a 
new strategy for treating certain human cancers (e.g., 
bladder cancer, melanomas). Pathogens of interest 
include any virus, microorganism, or other organism or 
substance (e.g. , a toxin or toxoid) which causes disease. 

15 The present invention also relates to methods of 

vaccinating a host with the recombinant myc obac ter ium to 
elicit protective immunity in the host. The recombinant 
vaccine can be used to produce humoral antibody immunity, 
cellular immunity (including helper and cytotoxic 

20 immunity) and/or mucosal or secretory immunity. In 

addition, the present invention relates to use of the 
antigens expressed by the recombinant cultivable 
mycobac ter ium as vaccines or as diagnostic reagents. 

The vaccine of the subject invention has important 

25 advantages over presently-available vaccines. First, 
mycobacteria have adjuvant properties among the best 
currently known and, thus, stimulate a recipient's immune 
system to respond to other antigens with great effective- 
ness. This is a particularly valuable aspect of the 

30 vaccine because it induces cell-mediated immunity and 
will, thus, be especially useful in providing immunity 
against pathogens in cases* where cel-l-mediated immunity 
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appears to be critical for resistance. Second, the 
mycob ac te r ium stimulates long- term memory or immunity. 
As a result, a single (one-time) inoculation can be used 
to produce long-term sensitization to protein antigens. 

05 Using the vaccine vehicle of the present invention, it is 
possible to prime long-lasting T cell memory, which 
stimulates secondary antibody responses neutralizing to 
the infectious agent or the toxin. This is useful, for 
example, against tetanus and diphtheria toxins, pertusis, 

10 malaria, influenza, herpes viruses and snake venoms. 

BCG in particular has important advantages as a 
vaccine vehicle in that: 1) it is the only childhood 
vaccine currently given at birth; 2) in the past 40 * 
years, it has had a very low incidence of adverse 

15 effects, when given as a vaccine against tuberculosis; 

and 3) it can be used repeatedly in an individual (e. g. , 
in multiple forms). 

A further advantage of BCG in particular, as well as 



20 



mycobacteria in general, is the large size of its genome 
(approximately 3 x 10 6 bp in length). Because the genome 
is large, it is able to accommodate a large amount of DNA 
from another source (i.e., DNA of interest) and, thus, 
can be used to make a multi-vaccine vehicle (i. e. , one 
carrying DNA of interest encoding protective antigens for 
25 more than one pathogen) . 

^£i£J^_^££££iE£i:£B_£f _the_Drawing£ 

Figure 1 shows results of transfection of 
Myc ob ac t er ium s megma t i s spheroplasts with 
mycobacteriophage D29 DNA. 
^ Figure 2 is a schematic representation of the 

construction of the shuttle phasmid, phAEl 
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Figure 3 shows results of assessment of shuttle 
phasmid phAEl . 

Figure 3A shows agarose gel of mycobac te r i ophage TM4 
DNA and shuttle phasmid phAEl DNAs digested with Kpnl . 

05 Lane 1 contains lambda DNA digested with Hind III; lanes 
2 and 3 contain TM4 DNA that was unligated (lane 2) or 
ligated (lane 3) prior to digestion cut with Kpnl; lanes 
4 and 5 contain phAEl DNA isolated from phage particles 
propagated on M_. sme^maCis (lane 4) and phAEl isolated 

10 from E^coli cells as a plasmid (lane 5). Note that the 
arrows point to the 2.1Kb and the 1.8Kb fragments that 
form a 3.9Kb fragment when ligated at the cohesive ends. 

Figure 3B shows results of a Southern blot analysis 
of phasmid phAEl, using pHC79 as a probe (panel B.) . The 

15 autoradiograph of Figure 3A is shown after blotting onto 

a Biotrans nylon membrane (ICN) and probing with pHC79 

3 2 

DNA that had been nick- trans lated with P-dCTP.- 

Figure 4 shows replication of phAEl on BCG . It 
compares lysis of the Glaxo vaccine strain of BCG by 
20 DS6A, which is a mycobac teriophage known to plaque on 
£Hk£Z£Hl££i£ and BCG , but not on other mycobacteria; 
phage 33D, known to plaque on M_ L _£S££S£^i£ and not BCG; 
and phage TM4 , which plaques on both species. 

Figure 4A shows lysis of BCG by the phages. Titres 
25 of phage (pfu/ml) used at 10" 1 dilution were: DS6a, 2 x 

10 6 on M . tuberculosis, H37Ra; 33D, 2 x 10 6 on M. 

2 8 8 

£S£5I2£tis, mc 6; TM4 , 3 x 10 on mc 6 ; and phAEl, 3 x 10 

2 

on mc 6. Dilutions of phages (5ul) were spotted on a 

3 

soft agar overlay containing 10 BCG cells. Resulting 
30 lysis was photographed after incubation for 10 days at 
37°C. 

Figure 4B shows the presence of cosmrd DNA in phAEl. 
Plaque lifts on these plates were carried out as 
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described below and hybridized with 32 P-labelled pHC79 
ON A ; this was followed by autoradiography. 

Figure 4C is an electron micrograph of shuttle 
phasmid phAEl phage particles. Phage particles that had 
been purified on CsCl gradients were placed on carbon 
coated, Par lo idon- coated grids, blotted and washed with 
one drop of 1% phospho tungstic acid. Electron 
micrographs were taken using a JEOL 1200EX electron 
microscope at 80 kV , 30,000X. 

Figure 5 shows integration of mycobac ter iophage LI 

and LI - shuttle phasmid DNA into the M. smegmatis ■ 

chromosome. DNAs from phage LI and Ll-shuttle phasmids 

and chromosomal DNAs from corresponding lysogens were 

digested with Bam HI and e lec trophores ed in agarose. 

Panel A shows an ethidium bromide stained gel. Panel B 

shows the autoradio graph of the Southern analysis of this 

3 2 

gel probed with P-labelled phage LI DNA. The following 
are shown in the lane indicated: phage DNA from the 
parent phage LI (lane 2), from shuttle phasmid phAE15 
(lane 4) and from shuttle phasmid phAE19 containing the 
aph gene (lane 6); bacterial chromosomal DNA from the 
parent M. smegmatis strain (lane 1), from that strain 
lysogenized with LI (lane 3), with phAE15 (lane 5), and 
with phAE19 (lane 7). LI, phAE15 , and phAE19 have 
integrated site - specif ically within the chromosome of 
their respective lysogens (Panel B, lanes 3, 5 & 7), as 
evidenced by the predominant loss of a single 6 . 7 kb band 
present in each phage (note square in LI, lane 2) and the 
appearance of two new bands, 9 . 0 kb and 1 . 7 kb , in each 
lysogen (circles) . 

Figure 6 is a schematic representation of the use of 
temperate shuttle phasmids as cloning vectors to stably, 
introduce DNA of interest into the mycobacterial 
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chromosome . DNA of interest (designated GENE X) can be 
inserted into unique restriction sites in shuttle phasmid 
DNA and subsequently introduced into mycobacteria. In 
mycobacteria, the shuttle phasmid, carrying the DNA of 
interest, can lysogenize and be maintained stably as a 
prophage . 

Figure 7 shows expression of kanamy c in- r e s i s tance by 

lysogeny using the temperate shuttle phasmid phAE19. 

2 

Colonies appeared where phAE19 lysogenized mc 6 cells, 
thus demonstrating expression of kanamy c in- re s i s tance . 
In multiple experiments, kanamyc in - r e s i s tanc e colonies 

2 

were not observed from either spontaneous mutants of mc 6 
2 

cells or mc 6 cells lysogenized with phAE15 . 

Figure 8 is a schematic representation of the 
overall strategy used to generate a library of hybrid 
plasmid molecules consisting of an E. coli plasmid, 
pIJ666, that contains marker genes conferring resistance 
to neomycin/kanamycin (neo) and chloramphenicol (cat) , 
inserted at random sites around the pALSOOO genome. 

Figure 9 shows results of agarose gel 
elec tr ophore t ic analysis of DNA from p I J 6 6 6 : : pAL5 0 00 
recombinant shuttle plasraids isolated from 3 independent 
pools of M. srae^matis t r ans f orman t s (lanes 1, 2, 3). 
Following separate transformations of each of these 
plasmid pools into E . coli strain ^2338, un ique plasraids 
were isolated from single purified t r ans f o r man t s , 
designated pYUP13, pYUP14 and pYUP15, and are shown in 
lanes 5, 6, and 7, respectively. Lane 4 contains the M. 
f Qrtui turn plasmid, pAL5000, and lane 8 contains the 
library of p I J 6 6 6 : : p AL5 0 00 recombinants. The size of the 
shuttle plasmids isolated from either M . sme^matis or E , 
coli is identical to the si^e of the recombinant library, 
indicating stability of the construct. 
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Figure 10 shows transformation of BCG with shuttle 
plasmid DNA. Panel A showns kanamycin- res is tant BCG 
colonies that arose after electr oporat ion of BCG cells 
with shuttle plasmid DNA; Panel B shows kanamycin- 
resistant BCG colonies that arose after elec troporation 
of BCG cells without shuttle plasmid DNA, 

Figure 11 is a schematic representation of the 
construction of a recombinant plasmid in which there is a 
Kan insertion in the PyrF gene of the plasmid vector 
10 pUC19. 

Figure 12 is a schematic representation of 
transformation of mycobacterial cells with the pUC19 
recombinant plasmid in which the PyrF gene contains a Kan 
insertion. Figure 12A is a schematic representation of 
15 selection, using growth on kanamycin- containing medium, 
of mycobacterial cells in which the PyrF gene containing 
the Kan gene is present. Figure 12B is a schematic 
representation of selection, using growth on 
fluoro- orotic acid ~ containing medium, of mycobacterial 
cells having the PyrF gene containing the Kan gene 
integrated into genomic DNA. 

Figure 13 is a schematic representation of the 
integration of Kan and DNA encoding a selected antigen 
(designated Fan) into mycobacterial DNA. 

Figure 14 is a schematic representation of replace- 
ment of the mycobacterial PyrF gene with a gene encoding 
kanamycin resistance . 

Figure 15 is a schematic representation of 
integration of a PyrF gene and DNA of interest into a 
recombinant mycobac ter ium produced as represented in 
Figure 14. 
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Figure 16 is a schematic representation of the use 
of an expression cassette to control expression of DNA of 
interest integrated into a mycobacterial genome. 

Figure 17 shows results of Western blot analysis 
showing expression of the M^le^rae gene encoding stress- 
induced 65kD antigen in M ...... smegmat is and BCG . 

tail ed_ Pes cr ip t ion of the _ Invent ion 

MZ££k££ter ium_bovis -BCG (BCG or M_. bovis -BCG) is an 

avirulent ft. bovis derivative which is widely used 

throughout the world and is commonly used to provide 
protection against tuberculosis, although its 
effectiveness has recently been called into question. 
MZ££^£££e r^um_s_me£ma t i.s is a nonpathogenic bacillus which 
shares antigenic and adjuvant properties with BCG. Both 
are also reasonably easy to grow in culture. 

Because both mycobacteria have excellent adjuvant 
activity for induction of ce 11 -mediated immunity, 
stimulate long-term memory (immunity) and have a low 
mortality associated with their use, they are excellent 
candidates as recombinant vaccines. That is, they are 
excellent candidates for use as vehicles (vaccine 
vehicles) into which genetic material (PNA) of interest 
(DNA from a source other than the mycobac ter ium into 
which it is being introduced) can be inserted and 
subsequently expressed. 

DNA of interest can be of any origin and is: 1) DNA 
which is all or a portion of a gene or genes encoding 
protein(s) or po lyp ep t ide ( s ) of interest; 2) DNA encoding 
a selectable marker or markers; or 3) DNA encoding both a 
selectable marker (or selectable markers) at least one 
protein or polypeptide of interest. The term polypeptide 
of interest, used herein, includes all or a portion of a 
protein to be expressed. Such DNA of interest is 
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expressed In the genetically recombinant mycobacteria, in 
which it is present in (integrated into) the 
mycobacterial genome or is present extr achr omo s omally . 
Incorporated DNA, as defined herein, Includes DNA present 
In chromosomal DNA or present In mycobacteria 
extrachromosomally (episomally) . DNA is incorporated by 
means of a shuttle plasmid or shuttle phasmid, resulting 
in integration into mycobacterial chromosomal or genomic 
DNA or the presence of DNA of interest episomally 
(extrachromosomally) . Integration of DNA of interest can 
occur by homologous or nonhomologous recombination, such 
as site-specific recombination of a phage- encoded system 
or recombination mediated by a transposable element. 

Until the present time it has not been possible to 
15 transform a mycobacterium through the use of plasmid DNA. 
Further, until now, it has not been possible to produce 
recombinant mycobacterial vaccine vehicles in which DNA 
encoding a polypeptide or protein such as one against 
which an immune response is desired, Is stably 
20 Integrated, at selected sites and in selected 
orientations, in genomic DNA. 

A principal objective of work on the development of 
a recombinant mycobacter ium to be used as an expression 
vehicle or a vaccine vechicle is the introduction into 
25 the mycobacterium of DNA vectors that direct the 

expression of DNA encoding a product or products, such as 
a protein or polypeptide, important for protection 
against one or more pathogens. It is now possible, using 
the method and the shuttle or plasmid vector of the 
present invention, to incorporate DNA of interest into a 
cultivable mycobacterium (e.g., into the mycobacterial 
genome or. into- the mycobacterium in su-h a manner- that it 
is expressed ex trachomo s omally ) . 
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The shuttle phasmid vector of the present invention 
is unique in that it replicates as a plasmid in bacteria 
and as a phage in mycobacteria. In a particular 
embodiment, the shuttle phasmid vector, which is referred 

05 to as a shuttle phasmid, includes two species of specific 
cohesive end (or cos sites): one for lambda phage, which 
functions in E^c o 1 i ; and one for mycobacteria (e.g. , the 
mycobac teriophage TM) , which functions in mycobacteria. 
That is, it contains two sets of cohesive ends. Because 

10 it contains one set for lambda and one for mycobacteria, 
it can be incorporated into both. The presence of the 
lambda COS sequence also makes it possible to use the 
efficient technique of cosmid cloning, which utilizes the 
lambda in_vitro packaging system for efficient cloning of 

15 large DNA molecules into E^_c o 1 i . Further, the shuttle 
vector has a unique EcoRI site into which 

ant igen- encoding DNA can be inserted. Thus, the shuttle 
vectors have made it possible to develop a transfection 
system which permits introduction of recombinant DNA 

20 molecules into mycobacteria. 

There are several means by which genetic material of 
interest can be incorporated into mycobacteria to produce 
recombinant mycobacteria of the present invention. For 
example, DNA of interest can be stably introduced (e.g., 

25 integrated into the mycobacterial chromosome) into 

mycobacterial cells by cloning into a shuttle phasmid, 
particularly a temperate shuttle phasmid (e.g., a phage 
capable of lysogenizing a cell) . Introduction of DNA of 
interest in this manner results in integration of the DNA 

30 into the mycobacterial chromosome. 

For example, an E_. coli cosmid was introduced into 

the temperate my c ob ac t er iophage LI, producing shuttle 
phasmids capable of replicating as plasmids in E^coli. or 
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lysogenizing the mycobacterial host. These temperate 
shuttle phasmids form turbid plaques on smegma t is and, 

upon Lysogenization, confer resistance to superinfection 
and integrate within the mycobacterial chromosome. When 

05 an LI- shuttle phasmid containing, a cloned gene conferring 
kanamycin- resistance in E. coli was introduced into 
§.B&&™ZL±ks. » stable kanamycin-resistant colonies (i.e., 
lysogens) were obtained. 

Alternatively, a plasmid vector can be used to 

10 introduce DNA of interest into mycobacteria, in which the 
DNA is expressed extrachr omo s omally . For example, the 
shuttle plasmid ft. fortuitum: : E . coll hybrid p las mi ds 
were constructed from mycobacterial and E. coli replicons 
which contain kanamycin- and chlor amphenico 1 - r e s is tance 

15 genes. When introduced into M^_smegmatis or BCG by 

electroporation , these shuttle plasmids conferred stable 
kanamycin- and chl o r amphenico 1 - res is tance upon trans - 
f ormants . Thus, the vectors have made it possible to 
develop a transfection system which permits introduction 

20 of recombinant DNA molecules into mycobacteria. 

It is also possible to introduce DNA of interest and 
cause it to integrate into host chromosomes without a 
phage. For example, this can be accomplished by 
homologous recombination, site specific recombination or 

25 nonhomologous recombination (e.g., by means of a trans- 
poses, which results in random insertion into host 
chromosomal material). Homologous recombination has been 
used, as described below, to integrate DNA of interest 
(e.g., kanamycin-resis tance gene, 65KD M^lejrae gene). 

30 In order to successfully introduce DNA of interest 

into a mycobacterium or into the mycobacterial genome by 
means of the shuttle vector .or plasmid vector of th.e 
present invention or by homologous recombination, the 
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following general approaches were followed- Although it 

is described in terms of M^^smegraatis and M J bovis - B C G , 

it is to be understood that it can also be used to 
introduce DNA of interest into other mycobacteria and 

05 that these other genetically recombinant mycobacteria can 
also be expression or vaccine vehicles. Such other 

mycobacteria include:- M_^_ smegma tig , M_. bovis - B C G , 

a v i urn , M_. £h 1 e i. , M_. f or tui turn , M_. lufu , 

£ a r a t ub e r c u 1 o s_ i s , M_. h ab an a , c r o f u 1 a c eum , and 

10 i.2£££££iiiii£££ • In t ^ ie case of slow growing mycobacteria 

(e.g. , M_. bovis -BCG and M^_tub e r culo s i s ) to be used as 

vaccine vehicles, it is particularly valuable to go 
through (i.e., introduce DNA encoding an antigen or 
antigens of interest into) M^.sraegniatis and, 

15 subsequently, into bovis- BCG . 

DgXgljn>raenj:_o £_a_shutt ji£„Z££ J £2£^^g_^£55^.f lS£2 

Transfection of mycobac ter iophage DNA into 
smegma tis_ 

20 To develop a system that permits manipulation of DNA 

in mycobacteria, it was first necessary to develop an 
efficient means of transferring DNA into the bacillus. 
The technology used was a modification of that described 
by Okanishi and Hopwood in relation to the preparation of 

25 spheroplasts for S trep tomyces . Strep tomyces , like 

mycobacteria, are Actinom^cetales . Okanishi, M. e t_a 1 . , 
Ml £££kl£l££Z . 389-400 (1974); Hopwood, D.A. and H.M. 

Wright, Molecularjenetics, 162: 307 - 317 (1978). The 
modified technique was used in combination with the 

30 addition of polyethylene glycol to facilitate entry of 
DNA molecules into bacterial spheroplasts. 
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Because of the unavailability of useful selectable 
antibiotic resistance markers in plasmids for 
transforming mycobacteria, the system chosen to evaluate 
optimum conditions for DNA transfer into mycobacteria was 
the transfection of DNA from lytic mycobacter iophages . 
Two advantages of such a system are that results obtained 
were quantitative and readily visualized as plaques 
within 24 hours . 

Transfection of mycobacteriophage DNA into 
£S££I2£JLL£ is described in detail in Example 1. Briefly, 
DNA was initially introduced into mycobacteria having all 
or a portion of the cell walls removed (i.e. , protoplasts 
or spheroplas ts ) , using polyethylene glycol. Transfec- 
tion experiments were initiated with DNA from 
15 mycobacteriophage D29, which propagates on a wide variety 
of mycobacteria and forms large clear plaques on 
smegmatijs. Plate lysates of D29 phage prepared on 
smegma t is consistently yielded greater than 10 11 pfu 



10 



20 



(plaque forming units) per ml of lysate . The harvested 
phages were twice purified on CsCl equilibrium gradients; 
they banded at an equilibrium buoyant density of 1.51, 
Phage DNA was extracted by proteinase K treatment and 
phenol -chloroform extraction. Restriction analysis of 
ligated and unligated D29 DNA demonstrated that the phage 
25 genomic DNA was double stranded, 50 kb in size, and 
possessed cohesive ends. 

The results of transfection of M^smegmatis 

spheroplasts by mycobacteriophage D29 DNA are illustrated 

3 4 

in Figure 1. Efficiencies of 10 to 10 pfu per ug D29 
30 DNA were obtained, thus demonstrating the first efficient 
transfection system for mycobacteria. That these plaques 
were the result of transfection of ^_sme^matis 
spheroplasts was demonstrated by the following: (i) 
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transf ection was abolished by DNase; (ii) osmotic shock 
of treated cells prevented productive trans f ection ; and 
(iii) spheroplasts derived from a D29 phage - res is tant 
mutant of M^_s me^nia t i. s were transfected at frequencies 
05 comparable to the parent strain. Further refinement of 
these techniques made it possible to obtain frequencies 
greater than 10 5 pfu per ug of D29 DNA . 

l£tIodu^tion_o^ 

A vector that would permit both the manipulation and 

10 amplification of mycobacterial DNA constructs in E^_c o 13. ,. 
and subsequent transfer into and replication in myco- 
bacteria was developed. In particular, it was highly 
desirable to have the capability of introducing DNA of 
interest into fast-growing non- pathogenic mycobac ter ium 

15 (e.g., smegma t is ) , as well as into slow-growing 

mycobacteria (e.g., M^_bovis-BCG and ^tuberculosis) . 
Although plasmids have been found in some mycobacterial 
strains within the MAIS complex and in M^_f o r tu i t urn , none 
have yet been described which replicate within 

20 smegmatis, M^bovis- BCG , or M^_tuber culosis , With one 
exception, none of these plasmid possess selectable 
markers. Crawford, J.T. and J.H. Bates Inf ec tions_and 
Immunity, 24: 979-981 (1979); Mizuguchi, Y. et_al. , 
J o u r n a 1 _ o f _ B a c t e r i o 1 o gy , 146 : 6 56-659 (1981); Meissner, 

25 P.S. and J.O. Falkinham, Journa l_o f _Ba c t e r i o logy , 152 : 
6 6 9 6 7 2 (1984). In contrast, a variety of phages that 
replicate in M^_s m egma t i s , ^_bovis -BCG, and Hj_ 
tuberculoses have been described and used for typing 
isolates . 

30 The strategy used was to construct a vector which 

Replicates as a plasmid' in Ij__£oli and as a p'hage' in 
mycobacteria. One approach to accomplishing this 
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developraent of a shuttle plasmid was based on the idea 
that since mycobacterial DNA is not expressed well in 
eg 11 , it should be possible to clone, in a plasmid 
vector, a functional mycobac ter iophage genome which would 

05 n ot lyse the S_ L _coli host. It would, thus, be able to 
replicate in both types of organisms. Because 

transfection of M . sme gmat i s would yield mycobacterio - 

phage particles, introduction of DNA of interest into the 
slow growing mycobacteria (e.g., BCG) could be achieved 

10 by phage infection. A bifunctional vector for 

Streptomyces has been described by Suarez and Chater. 
Suarez, J.E. and K.F. Chater, Nature , 28 6 : 527-529 
(1980) . A lambda- ColEl vector with dual properties in 
E^_co 1 i. has been referred to by Brenner and co-workers as 

15 a phasmid. Brenner, S. et_al. , Gene, 17: 27-44 (1982). 

For this purpose, the mycobac ter iophage TM4 was 
used. TM4 has been reported to be a lysogenic phage 
isolated from avium. Timme, T-. L. and P. J. Brennan, 

l£il£S£l-2L5£!i£IiL^i£I2ki£l2fiZ , 130 : 205-209 (1984) . 

20 It had been characterized as being a phage that 

lysogenlzes ^ smegma t is . It was shown to be capable of 
replicating in L^smegmatis , BCG, and ^.tuberculosis and 
has been reported to be temperate.. This phage also has 
a double stranded DNA genome of 50 kb and possesses 

25 cohesive ends. It is possible, however, to use other 

mycobacteriophages having similar characteristics. The 
following procedures described as used with TM4 can also 
be used with such other mycobacteriophages in construct- 
ing a vector. 

30 The strategy used to Introduce an E^coli plasmid 

repiicon Into phage TM4 to generate a vector that 
replicates In E^coli as a plasmid and in mycobacteria as 
a phage is schematized in Figure 2. Plate stock lysates 
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and genomic DNA of TM4 phage were prepared as described 
for D29 phage (see Example 1). TM4 DNA was ligated at 
high concentrations to form long concatamers of annealed 
cohesive ends. The ligated DNA was partially digested 

05 with Sau3A. Sau3A cuts the TM4 genome frequently (e.g., 
an average of once every 300bp) to fragments 30-50 kb in 
size. It generates a set of DNA fragments whose lengths 
were that of the entire TM4 genome or TM4 genomes with 
small deletions, but are cleaved at any of the S au3A 

10 sites within the genome. These DNA fragments were 

ligated to the 6.5 kb cosmid pHC79, which contains the 
gene for resistance to ampicillin and had been cleaved 
with BamHI. Hohn, B. and J. Collins, Gene, 9: 291-298 
(1980). To select for recombinant molecules of the 

15 appropriate size, the ligation mixture was packaged into 
bacteriophage lambda heads i n_vi t r o . This selects for 
DNA fragments which contain lambda COS sites and. are 
between 38 and 53 kb in -size. The resulting phage 
particles were transduced into E_. coli and colonies 

20 containing pHC79::TM4 DNA molecules were selected on 

media containing ampicillin. Plasmid covalently closed 
circular DNA was isolated from 40,000 pooled 
ampicillin-resistant (amp ) colonies. Birnboim, H. and 
Do ly , J o u r n a 1_ o f _Nu c 1 e i c_ A c i ^Research , 7 : 1513-1525 

25 (1979). 

This library contains recombinant molecules of TM4 
genomes into which pHC79 cosmid DNA had been randomly 
inserted in Sau3A sites around the TM4 genome. It was 
transfected into M^smegmatis spheroplasts to select for 
30 TM4 phages which had pHC79 inserted in non-essential 

regions. Such phages were, thus, shuttle phasmids . The 
transf'ection*' yielded 100 plaque forming unit's (pfu) pef 
ug of plasmid DNA. Plaque lifts were used to screen for 



WO 90/00594 



PCT/US89/02962 



-26- 

hybridization to 32 P-labelled pHC79 DNA ; only 10 of 4000 
plaques hybridized to the labelled pHC79. 

Following plaque purification and propagation on 
smegma t is cells, one such phage was studied in detail and 
05 designated as phasmid, phAEl. Phasmid phAEl has been 

deposited (February 26, 1986), according to the terms of 
the Budapest Treaty, at the American Type Culture Collec- 
tion (Rockville, MD) under accession number 40306. All* 
restrictions on public access to the deposit will be 
3-0 removed irrevocably upon grant of a United States patent 
based on this application, DNA was isolated from phAEl 
phage particles grown on K . smegmatis , purified on CsCl 
gradients, ligated to form concatamers , and packaged in 
Xi£E£ into bacteriophage lambda heads. The resulting 
15 particles transferred ampicillin resistance to E . coli 
cells and, when transfected, produced plaques on 
s me gm a t i s . This was proof that phAEl functions as a 
shuttle vector. 

Restriction digests of phAEl DNA isolated from phage 
particles propagated on M^smegmatis and of phAEl DNA 
isolated as plasmid DNA isolated from E_ L _coli showed 
identical patterns, except for the presence of 
unannealled fragments held together by the cohesive ends 
seen in the phage DNA preparation (Figure 3A) . Southern 
analysis demonstrated that the cosmid pHC79 was cloned 
within one of the two 11 kb Kpnl restriction fragments of 
the TM4 genome (Figure 3B). By electron microscopy, the 
phAEl particles resemble bacteriophage lambda with 
hexagonal heads that average 50 urn in diameter. However, 
these particles have long tails (180 to 220 urn in length) 
with a disc- like baseplate present on many of the tails 
(Figure 4C) . The structure is- very similar to that of 
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the parent TM4 phage. Timme, T. L. and P. J. Brennan, 
l£HIS£L£L£iB^.!li£££ki£l2SY » 130 : 205-209 (1984). 

Restriction analysis of DNAs from isolated phages 
resulting from the transfection of the pHC79::TM4 library 

05 into M^smegmatis that did not hybridize to pHC79 showed 

them to be identical. The phage appears to have resulted 
from a recombination event which occurred in transfected 
cells containing two or more pHC79::TM4 molecules, 
yielding a wild- type TM4 genome. 

10 Of particular interest is the observation that the 

shuttle phasmid, phAEl , which was obtained from 
smegmatis , is like its parent TM4 in that it is able to 
infect and replicate in three different M. boy is -BCG 
vaccine strains tested: the Glaxo, Pasteur, and Danish 

15 BCGs . These results are presented in Figures 4A and 4B. 

Thus, this demonstrates successful construction of 

E_. coli- mycobacterial shuttle phasmids that are 

recombinant DNA molecules that not only have the ability 
to replicate in E^^coli as plasmids and in mycobacteria 

20 as phages, but also have the ability to be packaged into 
bacteriophage lambda heads or into my c ob ac ter i o phage 
particles. It also demonstrates that recombinant DNA has 
been introduced into both a fast-growing mycobac ter ium 
(M . smeftmatis ) and a slow- growing mycobac terium (M^ 

25 b oi y jl_s - B C G ) . This makes it possible to infect BCG vaccine 
strains with the shuttle phasmids and, thus, to introduce 
cloned genes into mycobacteria. Thus, this eliminates 
the need to develop a transfection system for BCG. That 
is, because the E^_coli-mycobacteraal shuttle phasmid, 
30 upon transfection into mycobacteria is packaged into 
mycobacterial particles, DNA of interest can be 
introduced into slo'w-grdwing mycobacteria (e.g., BCG) by 
transduction, rather than transfection. Until now, this 
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could not be done and this advance makes it possible to 
produce recombinant mycobacterial vaccine vehicles, which 
can be used to immunize against one or more antigens of 
interest . 

The use of in^vitro packaging to construct these 
phasmids can be extended as an efficient strategy for 
cloning of genes (e.g., genes, or DNA of interest, 
encoding an antigen or antigens for one or more pathogens 
against which an immune response is desired) into these 
vectors, as long as the size limits of the packaging 
system are not exceeded. It is also possible, by 
screening additional TM4::pHC79 recombinant phasmids, to 
determine the maximum amount of DNA that can be deleted 
from the TM4 phage and to define additional non-essential 
15 regions of the phage genome into which DNA can be 
inserted . 

Introduction of new genes (e.g., DNA of interest 
encoding antigens) into mycobacteria by means of the 
shuttle phasmid entails cloning DNA fragments into the 
20 shuttle phasmid in E ;- coli and subsequently transfecting 
them into ^.smegmatis spheroplasts . This yields 
recombinant phage particles containing the cloned 
gene(s). Using the resulting K^_smegmat is spheroplasts 
containing the recombinant phages, it is possible to 
25 infect BCG with high efficiency (approaching 100% 

efficiency), thus introducing DNA of interest included in 
the recombinant phages into BCG. Development of 
conditions for establishing lysogeny or recombination, to 
permit stable expression of the foreign gene(s) in 
mycobacterial cells, is highly desirable. 
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The shuttle vectors described above and in the 
following sections can be used to introduce DNA of 
interest which encodes one or more antigens for one or 
more pathogens of interest into mycobacteria, such as 
boyis- BCG or smegma t is . It can also be used, by- 

introducing DNA encoding appropriate antigens, such as 
human gonadotropin hormone (HGH) fragments, into 
mycobacteria, to produce an anti-fertility "vaccine." 
These vectors can also be used to introduce DNA encoding 
a protein or a polypeptide which is a growth inhibitor 
for or cytocidal to tumor cells. The resulting 
recombinant mycobacteria can be used, respectively, to 
non- spec if ically augment immune responses to foreign 
antigens expressed in mycobacteria and to treat some 
human cancers. The shuttle vectors provide a means of 
manipulating and amplifying recombinant DNA constructs in 
a bacterium (e. g., E^._££l i , S treptomyces , Bacillus), or 
other organism (e.g., yeast), and subsequently 
transfering them into a mycobac ter ium where the DNA is 
expressed . 

As a result, it is possible to produce recombinant 
mycobacterial vaccines which can be used to immunize 
individuals against, for example, leprosy, tuberculosis, 
malaria, diphtheria, tetanus, leishmania, salmonella, 
schis tomias is , measles, mumps, herpes, and influenza. 
Genes encoding one or more protective antigens for one or 
more of the dis e a s e - c aus ing pathogens can be introduced 
into the my c obac t e r ium . Of particular value is the 
ability to introduce genes encoding antigens of pathogens 
which require T-cell memory or effector function. 
Administration of the resulting recombinant mycobacterial 
vaccine to a host results in stimulation of the host's 
immune system to produce a protective immune response. 
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A vaccine against a pathogen or toxin can be 
produced, using the shuttle plasmid of the present 
invention, by the following procedure: DNA encoding an 
antigen (or antigens) for the pathogen or toxin against 

05 which protection is desired is obtained. The DNA can be 
obtained by isolation of the naturally - occurring DNA 
(e.g., from the pathogenic organism or toxin- producing 
organism) ; by cloning and amplification of the DNA 
sequence of interest, using known genetic engineering 

10 techniques (See, for example, Maniatis , T. et. a l. 

Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor, N.Y. (1982).); or by mechanical synthesis. 

By the following procedure, the gene or genes of 
interest (i.e., which encode one or more antigens against 

15 which" immunity is desired) are cloned into the shuttle 
phasmid. This can be explained with reference to Fig- 
ure 2, which is a schematic representation of the shuttle 
phasmid phAEl. The cohesive ends of the shuttle phasmid 
are ligated, using known techniques. The resulting 

20 shuttle phasmid material is cut (digested) with a unique 
restriction enzyme (e.g., a restriction enzyme which cuts 
at unique sites, such as EcoRI and EcoRV, in the shuttle 
phasmid) . An alternative approach to cuts made in this 
way is the addition (by ligation) of a polylinker 

25 (oligonucleotide sequence) which is useful with (can be 
cut by) other restriction enzymes. In this case, the 
linker is cut open with a selected restriction enzyme, 
producing sites at which DNA of interest can be inserted. 
In the first case (cutting using a unique 

30 restriction enzyme) , the result is shuttle phasmid 

molecules which have been cut once and into which DNA of 
interest can be - inserted. In the second-case-, there is 
also at least one site at which DNA can be inserted. An 
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antib io tic - res is tance - encoding gene (e.g., an 
ampicillin-resistance-encoding gene) and DNA encoding one 
or more antigens, against which immunity is desired, can 
be ligated, using known techniques, at the restriction 

05 sites. The DNA being inserted and the shuttle phasmid 
DNA are generally ligated in equal molar amounts. 

The resulting ligated DNA, which in this case 
includes the shuttle phasmid DNA, an antibiotic 
resistance gene and ant i gen - enc o ding DNA, is packaged 

10 into bacteriophage lambda heads using lambda i.n vitro 
packaging mix. E . coli is subsequently transduced with 
the phage, with the result that it is possible to screen 
(using antibiotic-containing medium) for colonies 
containing the antib io t ic - res is tance - encoding gene and 

15 the ant igen- encoding DNA. 

The resulting "library" is introduced into 
smegma tig using, for example, elec troporat ion . Plaques 
which contain shuttle phasmids containing cloned insert 
DNA are selected. - Subsequently, recombinant ML_s megma t is 

20 can be used to infect a cultivable mycobac ter ium , such as 
BCG, with high efficiency. As a result, the antigen- 
encoding DNA is introduced into mycobacterial genomic 
DNA, where it will be expressed.' 

Selection of BCG containing the DNA of interest 

25 (here DNA encoding one or more antigens integrated into 
their genomic DNA) can be carried out using a selectable 
marker. One approach to selection of BCG containing DNA 
encoding one or more antigens, introduced by infection 
with the recombinant phage, is based on use of a select- 

30 able marker, which is an antibiotic resistance gene. In 
this case, the shuttle phasmid includes a gene encoding, 
-for example, kanaraycin resistance, viomycin resistance, 



thios tr epton resistance, hygromycin resistance, or 
bleomycin resistance . 

A second approach in which a selectable marker is 
used to select BCG containing the DNA of interest is an 
auxotrophy strategy (i.e., one which relies on use of a 
mutant microorganism which requires some nutrient or 
substance not required by the organism from which the 
mutant was derived). In this case, a mycob ac ter ium 
having the mutation is used and the gene which encodes 
the missing or mutated function is incorporated into the 
shuttle phasmid (which also contains antigen- encoding 
DNA) . Selection for mycobacteria containing the 
antigen-encoding DNA is thus based on the ability of 
mycobacteria into which the shuttle phasmid is 
successfully introduced to survive, when grown on 
appropriate media . 

For example, a system which includes a host mutant 
(e.g. , M^sraegmatis, BCG) and a selectable marker that 
comp 1-ements the mutation can be used. Such a system can 
include a host mutant which is a ]>y;rF~BCG mutant and a 
selectable marker, such as a £yj:F gene, present in the 
phasmid shuttle vector used to introduce the antigen- 
encoding DNA into the (mutant) BCG. For example, the 
phasmid can include, in addition to the antigen-encoding 
DNA inserted into cosmid DNA, the p;rF^ gene. Thus, BCG 
mutants into which the phasmid is introduced by infection 
can be selected by plating on minimal media. An alterna- 
tive approach is to use 2 - deoxygluco se - r es is tant mutants; 
in this case, the mycobacterial glucokinase gene is 
cloned into the phasmid and is used for selection, as 
described above for pyrF. 

Selection on- this basis wi41 result in i BCG- having 
the antigen- encoding DNA stably integrated into genomic 



-33- 



DNA and expressed by the bacillus. For this, gene 
expression signals (e.g., promoters, ribosome binding 
sites) are included upstream of the foreign (antigen- 
encoding) DNA, to enable BCG containing the antigen- 
encoding DNA to express it at levels sufficient to induce 
an immune response in a host to whom it is administered. 

It is also possible to select BCG containing DNA 
encoding one or more antigens by use of monoclonal 
antibodies. In this case, a gene or gene fragment • 
encoding one or more epitopes of an antigen (e.g., 
leprae or M_. tuberculosis ) for which monoclonal anti- 
bodies are available is , introduced into the mycobacteria. 
Such monoclonal antibodies are used to select for 
recombinant BCG containing a gene or genes encoding one 
or more of these epitopes. The antigen genes introduced 
in this way contain a promoter sequence and other 
regulatory sequences. As a result, additional series (e. 
g., DNA encoding other antigens) can be added, using 
genetic engineering techniques, in frame, such that 
recombinant BCG identified by monoclonal antibodies to 
one antigen would also be expressing other foreign 
antigen- encoding DNA so introduced. 

A parallel strategy which makes use of a plasmid to 
introduce antigen- encoding DNA into cultivable 
mycobacteria can also be used to make a vaccine vehicle. 
This will result in stable maintenance of the DNA of 
interest extr achromosomally as a plasmid and its 
sub sequent expression. 

Construction of such a shuttle plasmid is 
represented schematically in Figure 8. In this case, a 
selectable marker, which would make it possible to select 
cells containing the antigen- encoding DNA, is used.' The 
selectable marker can be, for example, an 
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antibiotic-resistance-encoding gene or a gene which 
complements that missing in an auxotrophic mutant, as 
described above with reference to the shuttle phasmid. 
In the auxotrophy strategy, an auxotrophic mycobacterial 
mutant (e.g., a £yr F mutant) is isolated and the gene 
present in the corresponding wild- type (nonmutant) 
mycobacterium is incorporated into the plasmid. In 
addition to the £^r F mutant, it is possible to isolate 
deoxyglucose mutants, which have a defect in the 
10 glucokinase gene, as well as others having mutations in 
other biosynthetic pathways (e.g., mutations in amino 
acid biosynthesis, vitamin biosynthesis and carbohydrate 
metabolism, such as arabinose and galactose). 

In either approach, a mycobacterial, mutant is 
15 selected and the gene which complements the mutation is 

incorporated into the plasmid vector, which also contains 
the antigen-encoding DNA of interest. The mycobacterial 
mutants into which the antigen- encoding DNA is 
successfully introduced will be identifiable (can be 
20 selected) by culturing on appropriately- selected media 
(e.g., media containing the antibiotic against which 
resistance is conferred, media containing or lacking the 
nutrients involved in the biosynthetic pathway affected 
in the mutant used) or by selecting on the basis of the 
appearance of plaques formed, when the cl gene is used. 

Another component of a plasmid useful in introducing 
antigen-encoding DNA into the recombinant mycobacteria 
vaccine vehicle is an autonomously replicating sequence 
(e.g., a replicon), whose presence is a key determinant 
in allowing the plasmid to replicate autonomously 
(extra-chromosomally) . These sequences can include, for 
example., a* plasmid replicon, segments of a 
mycobac ter iophage or chromosomal replication origins. 



25 



30 



WO 90/00594 



PCI7US89/02962 



-35- 

The design of the shuttle phasraid phAEl includes 
several of these factors. For example, introduction of 
the coli cosraid pHC79 into the mycobac ter iophage TM4 
made it possible to provide an E^coli plasmid replicon 

05 origin and a selectable ampicillin resistance gene, as 

well as the bacteriophage lambda cohesive (cos) sequences 
and a unique EcoRI site. There are no EcoRI sites within 
the TM4 phage; the unique EcoRI site within phAEl can be 
used for introducing foreign gene(s) into the phasmid. 

10 As described in Example 4, a 1 . 6 kb EcoRI fragment 

encoding the aminoglycoside phosphotransferase (a£h) gene 
from Tn903 has been cloned into phAEl using this cosmid 
c loning strategy . 

There are several useful approaches to efficiently 

15 introduce the ant i gen - encoding DNA into a cutivable 
mycobacter ium , such as M^_bovis -BCG or s raegraa t i s , 

which is to be used as a vaccine vehicle. For the 
plasmid, which includes DNA encoding the antigen(s) of 
interest, a selectable marker and an autonomously 

20 replicating sequence, protoplast fusion can be used for 
efficient introduction into the mycobac ter ium . In this 
case, E^coli or streptomyces having a cloned plasmid is 
fused, using known techniques, with a mycobacterial 
spheroplast. Using this approach, it is possible to 

25 transfer the foreign ( ant igen - encoding ) DNA into the 

mycobac ter ium . Alternatively, E^coli minicells , which 
contain plasmid DNA and essentially no chromosomal DNA, 
can be used in carrying out a minicell protoplast fusion. 

If, in the alternative, DNA of interest can be moved 

30 efficiently into the my cobac t e r ium , an autonomously 

replicating sequence is not necessary and, instead, the 
-DNA 'of' interest (e.g. , ant igen - encoding ) can be 
integrated into the mycobacterial chromosomes. This can 
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be accomplished, for example, using minicell protoplast 
fusion. In this case, a selectable marker for the 
mycobacterium, which can be an antibiotic-resistance gene 
or a chromosomal mutation, can be cloned into an E^coli 

05 cosmid. Also present in the E .coli cosmid will be DNA 
which allows efficient integration of DNA of interest 
into the mycobacterial chromosome. For example, in 
i£E£££» a repetitive sequence occurs which appears to be 
associated with recombination; analogous sequences can be 

10 identif ied in and isolated from BCG and K^__smegmat is , 
incorporated into the E^coli cosmid (along with the 
selectable marker) and result in a high degree of re- 
comb ination . 

A gene or genes of interest (encoding one ox more 
15 antigens) can be incorporated into the construct 

described (e.g., which includes an jU_,cgll replicon, a 
segment of mycobacterial chromosomal DNA associated with 
recombination (a recombinogenic sequence) and two 
selectable markers -one serving as a marker in E . coli and 
the second serving as a marker in the mycob ac ter ium) . 
The gene(s) can then be integrated into mycobacterial 
chromosomal DNA, such as BCG or M^_smejgmat i£ chromosomal 
DNA. If the gene(s) of interest are integrated in this 
way into K_;__ smegma t is , it/ they can also be moved into BCG 
by means of a general transducing phage. In this case, 
it is preferable to include, in addition to the other 
construct components, two recombinogenic sequences: one 
from M^^smegmatis and one from BCG. 

Methods of producing and using the recombinant 
mycobacteria of the present invention are described in 
detail in the following sections. Those sections 
describe and exemplify: -introduction of DNA of interest 
into mycrobac ter ia by means of a shuttle phasmid, to 
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integrate the DNA of interest into mycobacterial chromo- 
somal DNA ; introduction of DNA of interest into myco- 
bacteria by means of a shuttle plasmid, to produce 
mycobacteria in which the DNA of interest is expressed 
05 episomally; introduction of DNA of interest into myco- 
bacteria by means of a recombinant plasmid vector, to 
integrate DNA of interest into mycobacterial chromosomal 
DNA through homologous recombination; characteristics of 
the recombinant mycobacteria; and uses of such products. 

10 Int r oduc t ion_o f_DNA_of _i.n 
£has_m_i d 

The present work has resulted in identification of a 
mycobac ter io phage which stably lysogenizes M. smegma t is . 
One such phage, LI, had previously been reported to 
15 produce turbid plaques on M. smegraatis and putative 

lysogens were resistant to superinfection and could be 
induced to produce phage. Doke , S. J. Kunamo to Med . Soc . 
34, 1360-1373 (960).- Tokunaga, T. & Sellers, M. I. in 

20 Actinomycetes (eds. Juhasz , S.E. & Plummer, G . ) 227-243 
(Charles C. Thomas, Springfield, Illinois, 1970). These 
observations have been confirmed and, in addition, 
Southern analysis has demonstrated that a prophage is 
integrated in the M. sme^matis chromosome (Figure 5, 

25 Panel B, Janes 2, 3). Analysis of multiple independent 
lysogens revealed identical patterns of unique bands 
resulting from the phage integration, which suggests that 
LI phage integration is site-specific (Figure 5, Panel 
B) . 

30 li has, thus, been shown to stably lysogenize M . 

>• smegma tls . LI - shuttle phasmids ' were constructed by 
introducing the E. coli cosmid, pHC79 , containing a ColEl 
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origin of replication and an amp icillin- r es is tance gene 
for selection in E. colj., into a non-essential region of 
the Ll-genome (Figure 6). The Ll-shuttle phasmid, 
designated phAE15 , was shown to replicate in E . coli as a 

05 plasmid and in mycobacteria as a phage and, like the 

parent phage, integrates into the M . smegmat is chromosome 
(Figure 5, Panel B, lanes 4, 5). LI phage is devoid of 
EcoRI sites. The introduction of pHC79 provided a unique 
EcoRI site for the pHAE15 shuttle vector, making it 

10 possible to introduce genes of interest. It has been 
shown that these genes can be introduced and stably 
maintained within the mycobacteria upon lysogenization 
with the shuttle phasmid vector (Figure 6). 

A 1*6 kb fragment containing the aminoglycoside 

15 phosphotransferase (aj>h) gene from Tn903, which confers 
kanamycin- res is tance in E . coli, was introduced into 
phAE15 by a cosmid cloning strategy. Oka, A., Sugisaki, 
H. & Takanami, ft. J. Hoi. Biol. 147, 217-226 (1981) The 
a£h gene with EcoRI ends was ligated to linear phAElS DNA 

20 and packaged in vitro into bacteriophage lambda-heads. 

The resulting recombinant molecules were transduced into 

££il- Closed circular phasmid DNA was isolated from 
an E. coli clone that was resistant to both ampicillin 
and kanamycin, and was transfected into M. snie^niatis 

25 protoplasts. This resulted in mycobacterial phage 

particles which had packaged phasmid DNA. This phasmid, 
designated phAE19, has the ability to lysogenize tf. 
smegmat is cells and generate kanamy c in° res is tance 
colonies (Figure 7) . Mycobac ter iophages induced from 

30 these lysogens co - trans duced immunity to LI infection and 
kanamycin- res is tance to sensitive M. £mejgma t cells, 
demonstrating that the* resistance to kanamycin results 
from expression of the cloned a^h gene. phAE19 can also 
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lysogenize and confer kanamycin- res is tance upon M. 
bovis-BCG. Kanamycin- res is tance thus represents the 
first useful selectable marker for the mycobacteria. In 
addition, these results demonstrate that lysogeny is one 
05 means by which DNA of interest can be introduced and 
expressed in mycobacteria. 

iB^££^H^£i£B— l.Bi®£££^— ]>Z_I£®.§BiE._ £^_£— 
£l as_mi. d 

Introduction of DNA of interest by means of a 

10 shuttle plasmid extends the capabilities of phages by 
offering increased cloning capacity, ease of DNA 
manipulation, and increased copy number. Plasmids from 
M. sme^raatis have not been described previously and 
genetic manipulation in mycobacteria is difficult. 

15 Therefore, a shuttle plasmid vector capable of replicat- 
ing and expressing DNA of interest in both E. coli and 
mycobacteria was constructed as follows. In order to 
ensure a functional replicon for mycobacteria, an E. coli 
plasmid, pIJ666, containing the ne omyc in/kanamy c in 

20 phosphotransferase II (neo) gene from Tn5 , and the P15A 
origin of replication and the chloramphenicol acetyl- 
transferase (cat) gene from pACYC184, was inserted 
randomly into the plasmid pAL5000, which replicates in M. 
fort upturn . Kieser, T. and R.E. Melton, Gene, 65:83-91 

25 (1988); Berg, D.E. et_aL , Proc^_Natl^Acad^_Sci^_U^S^A^ , 
72:3628-3632 (1975); Chang, A.C.Y. and S.N. Cohen, 
Bact., 134:1141-1156 (1978); Labidi, A. et_aL , FEMS 
& l££2kl£l££i-L£^l££s , 30:221-225 (1985). Figure 8 
outlines the construction of the p I J 6 6 6 : : p AL5 00 0 library. 

30 Transformation of this library into M, sniegmatis 

'spheroplasts- has been difficult, possibly due to the 
problem of regenerating viable cells. DNA was therefore 
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intrroduced directly into intact M. sme^matis cells by 

electropo ration to obviate possible damage to 

mycobacterial cells which might result from use of 

protocols for producing spher oplas ts . Conditions were 

developed for electroporation of lytic phage DNA that 

3 

yielded more than 5 x 10 pfu/ug. Electroporation of the 
pIJ666 :: pALSOOO library under these conditions into M. 
smegmatjLs^ yielded kanamycin- and chloramphenico 1 - 
resistance trans formants . Plasmid DNA isolated from 
pools of M. sme^raatis tr ans f o rmant s in three separate 
experiments was transformed back into E. coli, selecting 
for kanamycin-resistance . Although pIJ666 was inserted 
at different sites within the pAL5000 genome in many of 
the isolated E. coli trans formants , all plasmids were 
stable in both species (Figure 9). These methods have 
made it possible to transform some BCG vaccine strains 
with the pIJ66 6 : : pALSOOO recombinant library, with 
expression of kanamy c in- re s is tance , as described in 
Example 9 and shown in Figure 10. Panel A of Figure 10 
shows kanamycin- res is tant BCG colonies which arose after 
electroporation of BCG cells with shuttle plasmid DNA; 
panel B shows kanamyc in- res is tant BCG colonies that arose 
after electroporation without shuttle plasmid DNA. Using 
a similar approach, the 6 5kD M. lep_rae gene has been 
introduced into BCG, in which it was expressed, as shown 
by results presented in Figure 17. 

Plasmid vector for integration of DNA of interest into 

m^c^b ac t^r^a l._^enora^£_DNA _ 

A plasmid vector, which has been used to integrate 
DNA of nonmycobacterial origin (i.e., from a source other 
than th>e mycobacteria into which it was integrated) in 
mycobacterial genomic DNA, was constructed as represented 
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in Figure 11. Isolation of the M^_bovis- BCG PyrF gene 
was carried out as follows and as described in Example 
10 ♦ M^bovis - BCG DNA was partially digested with a 
restriction enzyme 2>a_u3A, size selected and inserted into 

05 the vector pUC19. The resulting library was used to 
transform E^_co 1 i cells which had an insertion in the 
coli. PyrF gene. Four independent colonies which had 
acquired the ability to grow in the absence of uracil 
were identified and plasmid DNA was isolated from them. 

10 This plasmid DNA was used to construct the- recombinant 
plasmid vector. The PyrF gene of sme gmatis was 

incorporated into the pUC19 plasmid vector at the BamHI 
site and the kanamycin resistance gene (Kan) was inserted 
into the PyrF gene at the BamHI site, using known 

15 techniques. PyrF cells are able to grow in medium 

without uracil and are fluoro-orotic acid sensitive 
S 

(FOA ); PyrF cells need uracil for growth and are 

fluoro-orotic acid resistant (FOA ). Cells containing 

the kanamycin resistance gene are kamanycin resistant 
R 

20 (KAN ) and those without the gene are kanamycin sensitive 
c 

( KAN ) . Aus ub e 1 , F . M . et^aL (ed.) Cur r e n t_P r o t o c o 1 s_ in 
Mo 1 e c ul a r_B i o 1 ogy , p. 1.5.4, Green Pub. (1987). Plasmid 
DNA containing DNA from pUC19 , My c £b ac^e_r i 1 um_^me^ma t i^^s 
and Tn903, designated pRHHOO , has been deposited, 

25 according to the terms of the Budapest Treaty, at the 
American Type Culture Collection (Rockville, MD) under 
accession number 40468 (deposit date July 6, 1988). All 
restrictions on public access to the deposit will be 
removed irrevocably upon grant of a United States patent 

30 based on this application. 
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Stable Integration of DNA of Nonmycobacterial Origin into 
^I££^i£l£liiI_£iS£5i£_Materia^ = ___^_ __ _____ _____ 

As described below and in Example 10, 
elec troporation was used to introduce the resulting 

05 recombinant plasmid vector into mycobacteria. As 

represented in Figure 12A, in cells transformed with the 
recombinant plasmid, homologous recombination occurred 
between sequences on the incoming recombinant plasmid 
containing the PyrF gene and homologous mycobacterial 

10 chromosomal (genomic) sequences, in integration of the 
incoming PyrF and Kan sequences. Mycobacterial cells 
containing the integrated recombinant plasmid, which 
contains the Kan gene, were selected by culturing the 
elec troporated cells on kamanycin- containing medium. 

15 Only those cells in which integration of the Kan gene 
occurred survived. 

Mycobacterial cells in which the DNA of interest 
(here, the Kan gene) were Identified as follows. The 
entire integrated recombinant plasmid is unstable because 

20 the mycobacterial genome into which it Integrates con- 
tains two Identical sequences in close proximity to one 
another. As a result, recombination of homologous 
sequences can again occur. This results in looping out 
(also called resolution) , which results in removal of the 

25 recombinant plasmid, producing no net change in the 

mycobacterial genome, or In removal of the recombinant 
plasmid in such a manner that the Kan- containing PyrF 
gene remains in the mycobacterial genome. Resolution 
occurs with low frequency, but cells in which it has 

30 occurred can be identified and Isolated on the basis of 
the phenotype they exhibit. PyrF* cells (those in which 
no net change in the genome results), a5' indicated in 
Figure 12, will be kanamycln sensitive and f luoro -or o tic 
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acid sensitive (FOA ) . Cells in which resolution results 

in integration of the Kan- containing PyrF gene are 

R 

kanamycin resistant and exhibit FOA because the PyrF 

gene is disrupted and, thus, nonfunctional. Thus, 

R 

05 plating of the KAN mycobacterial population on FOA- 

containing medium will result in identification of cells 
in which the Kan gene is stably integrated into genomic 
DNA (Figure 12B , lower left: KAN R , FOA R ) . 

Thus, the Kan gene was stably integrated into the 

10 mycobacterial genome, using homologous recombination of 
adjacent PyrF sequences. An important advantage of the 
method of the present invention, which is illustrated in 
Figure 12B, is that integration of the DNA of interest 
occurs without concomitant integration of plasmid or 

15 phage DNA into the genome. That is, the net effect is 

that the plasmid sequences are not present in the 

recombinant mycobacterial cells. Expression of the Kan 

gene was also demonstrated and cells in which both 

integration and resolution had occurred selected for on 

R R 

20 the basis of cell phenotype (in this case, KAN , FOA ). 
In the work described above, DNA of nonmycobacter ial 
origin (i.e., kanamycin resistance gene) was successfully 

introduced and stably integrated into M_. jsnjegmat i s_ 

genomic DNA. The same techniques can be used to 

25 introduce DNA of nonmycobacter ial origin into 
bovi_s-BCG or other mycobacterial genomic DNA. 

Stable Integration of DNA Encoding an Antigen or Antigens 

I.B^^5^^^i£Ii_£^—^5„l35 e -^Xy2^^_ZY^Z_Gene 
30 , - In a similar manner,. DNA encoding one or more 

antigens against which an immune response is desired can 
be integrated into mycobacterial genomic DNA. The method 
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of the present invention, by which DNA of interest is 
integrated into mycobacterial genomic DNA, is represented 
schematically in Figure 13. The method will be described 
with particular reference to integration of DNA which is 
the 65KD M_ L _le£rae gene into smeggatis , which has been 
carried out (see Example 11). It is to be understood, 
however, that the same approach can be used to introduce 
the H. leprae 65KD gene into other mycobacteria, as well 
as to integrate DNA encoding other polypeptides or 
proteins against which an immune response is sought into 
M. bovis-BCG, M^smegmatis or other mycobacteria. 

Integration of DNA encoding a selected antigen 
(designated Fan, for foreign antigen) is represented in 
Figure 13. An appropriate plasmid vector (e.g., one 
15 which can replicate in E . coli but not in mycobacteria) , 
such as the recombinant pUC19 plasmid represented in 
Figure 13, is used. The recombinant plasmid includes a 
mycobacterial gene or DNA sequences such as the PyrF gene 
represented in Figure 13; sequences in this gene, which 
are homologous to those in the mycobacterial genome, 
provide the basis for homologous recombination between 
plasmid-borne mycobacterial sequences and .genomic myco- 
bacterial sequences to occur. The recombinant plasmid 
also includes DNA sequences necessary for replication and 
selection in E^ coli and DNA sequences necessary for 
selection in mycobacteria. The sequences for use in 
selection confer a distinctive phenotype on the cell, 
thus making it possible to identify and isolate cells 
containing the gene. The gene can encode, for example, 
drug resistance. In Figure 13, the recombinant plasmid 
includes a gene conferring kanamycin resistance, thus 
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making it possible to select mycobacteria containing the 
gene simply by culturing on kanamycin- containing medium. 
The recombinant plasmid also contains DNA encoding one or 
more polypeptide or protein against which an immune 

05 response is desired (designated Fan), which is integrated 
into mycobacterial genomic DNA. 

In one embodiment of the present invention, the 65KD 
gene of M. leprae has been integrated into ^_smegmatis 
genomic DNA through use of a recombinant plasmid as 

10 represented in Figure 13, in which Fan is the M^_le£rae 
gene . 

The recombinant plasmid (e.g., a plasmid containing 

the PyrF gene into which the 65KD M . leprae gene and a 

Kan gene were inserted) was introduced into mycobacterial 

15 cells ( M_^_ s m e _gm a t i s ) using standard elec troporation 

techniques. (See Example 11). Elec tropora ted cells were 

then plated onto kanamy c in - con t aining medium. 0-nly 

R 

kanamyc in- r e s is tant (KAN ) cells grew under these 

conditions; such cells had integrated into genomic DNA 
20 the KAN R gene and the le£rae gene and were also F0A S 

(due to the disrupted PyrF genes from the recombinant 

plasmid and from the mycobac ter ium) . 

Cells were subsequently transferred to 

FOA- containing medium to identify those cells in which 
25 the Fan gene (here, the M^_lep_ra£ gene) was stably 

integrated into genomic DNA. As indicated in the bottom 

panel of Figure 13 (left side), integrated into genomic 

D D 

DNA of such cells (KAN , FOA ) is the disrupted PyrF gene 
which contains the kanamycin resistance gene and the Fan 
30 gene. As indicated at the right side of the bottom 

panel, mycobacterial cells which have undergone looping 
out with' the Result that only a complete PyrF gene 
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remains in the genome are both kanamycin sensitive and 
fluoro -orotic acid sensitive. 

Thus, as described above and in Example 11, it has 
been possible to integrate into mycobacterial genomic DNA 
DNA encoding a protein antigen and to identify and select 
those cells which contain the stably integrated DNA of 
interest. In addition, such DNA of interest has been 
integrated into the mycobacterial genome at a selected 
site (in this case, at the PyrF gene site). This same 
approach can, of course, be used to integrate DNA of 
interest into other selected sites on mycobacterial 
genomic DNA. In this case, a site on the genome, at 
which integration is desired, can be selected. A 
recombinant plasmid containing sequences homologous to or 
sufficiently similar to the selected genomic sequences; 
DNA of interest- sequences necessary for replication and 
selection in E^coli; and DNA sequences necessary for 
selection in mycobacteria can be constructed, as 
described previously. The DNA of interest can be stably 
integrated into mycobacterial genomic DNA and cells 
containing the stably integrated DNA of interest 
selected, in the same manner as described previously. 

It is possible to introduce all or a portion of any 
gene whose expression in mycobacteria is sought into 
25 mycobacteria using the same method. That is, the 

following method can be used to stably integrate into a 
mycobacterial genome DNA of interest: 

A recombinant plasmid vector, which can replicate in 
E^_coli but not in mycobacteria and which includes: 
30 I- a mycobacterial gene, or portions thereof, 

necessary for recombination, with homologous 
sequences in the genome of mycobacteria 
transformed with the recombinant plasmid; 
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2. all or a portion of a gene which encodes a 
polypeptide or protein whose expression is 
desired in mycobacteria transformed with the 
r ecomb inant p las mid ; 
05 3. DNA sequences necessary for replication and 

selection in c o 1 i ; and 
4. DNA sequences necessary for selection in 
mycobacteria (e.g., drug resistance), 
is used to transform mycobacterial cells, such as 
10 s^me^^ma t i._s or M^bovis -BCG . The recombinant plasmid is 
introduced into mycobacterial cells using known 
techniques. In one embodiment, the plasmid is introduced 
by means of elec troporat ion , using standard bacterial 
elec troporation procedures. (See Example 11). 
15 Elec t'r operated cells are plated under conditions 

which allow selection of cells in which integration has 
occurred. As described above, the plasmid can contain a 
gene encoding drug resistance, such as kanamycin 
resistance. In that instance, elec troporated cells are 
20 plated onto medium containing kanamycin. Only kanamycin 
resistant (KAN ) cells, which are cells in which plasmid 
DNA has been integrated, will survive under these 
conditions . 

Surviving cells are subsequently plated under 

25 conditions which make it possible to identify and select 

those in which the DNA of interest is stably integrated 

in genomic DNA. In the case in which the PyrF gene has 

been disrupted by insertion of DNA of interest, surviving 

cells are plated onto FOA- containing medium, which makes 

30 it possible to identify cells in which resolution has 

R 

occurred because they are FOA (and, thus, grow in such. 
■ , medium) ., - * :. r- 
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The DNA encoding a polypeptide or protein against 
which an immune response is sought, which is present in 
the recombinant plasmid, can be isolated from a source in 
which it occurs in nature, produced by means of standard 

05 genetic engineering techniques, in an appropriate host, 
or synthesized chemically or mechanically. Similarly, 
plasmid-borne DNA sequences necessary for homologous 
recombination can be isolated from a source in which it 
occurs in nature, produced by means of standard genetic 

10 engineering techniques or synthesized chemically or 

mechanically. The characteristic which serves as the 
basis for selection of mycobacterial cells containing 
integrated DNA of interest can be, as described, drug 
resistance. The gene can encode, for example, kanamycin 

15 resistance, viomycin resistance, thiostrepton resistance, 
hygromycin resistance or bleomycin resistance. 
Alternatively, an auxotrophy strategy can be used, such 
that selection is based on the ability of mycobacteria in 
which integration has occurred to survive, when grown on 

20 appropriate medium. 

i£tegra^lon_of_a_Py^F^ 

An alternative approach to that described above, in 
which a mycobacterial gene (e.g., PyrF) is disrupted by a 
drug resistance gene and DNA of interest, is one in which 

25 DNA of interest is integrated into a mycobacterial genome 
without additional sequences (e.g., without the Kan 
gene) , as occurs as a result of the earlier described 
method. This method is represented In Figure 14. 

In this method, recombinant mycobacterial cells 

30 which are targets for further manipulation and 

introduction of DNA of interest- are first produced. This 
can be done, for example, by making a precise replacement 
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of the mycobacterial PyrF gene by a kanamycin resistance 
gene. Standard recombinant DNA techniques are used in 
this replacement procedure, in which sequences flanking 
the PyrF gene are used to insert the Kan gene. The 

05 recombinant plasmid (in which the PyrF gene is replaced 
with Kan) is introduced into mycobacterial cells using 
standard elec troporation methods. The resulting 
elec troporated cells are plated onto medium containing 
kanamycin and no uracil. Mycobacterial cells in which 

10 both the kanamycin resistance gene and the genomic PyrF 

gene are present will be selected at this point. All 

other cells (KAN R Ura~; KAN S Ura" ; KAN S Ura + ) will die. 

Cells selected in this manner are subsequently plated 

onto medium containing kanamycin, f luoro-orotic acid and 

15 uracil. As shown in Figure 14, this results in selection 

R 

of mycobacterial cells which are URA and FOA (because 
they contain no PyrF gene), as well as KAN (because of 
the integrated Kan gene). 

Mycobacterial cells produced in this manner are used 

20 in this method as targets (target mycobacterial cells) 
for further manipulation, using known techniques, by 
which DNA of interest, and an intact PyrF gene are 
integrated into mycobacterial genomic DNA. As 
represented in Figure 15, a recombinant plasmid, similar 

25 to that described previously and in Example 10, which 

includes an intact PyrF gene and DNA of interest (next to 
or closely following one end of the PyrF gene) is used. 
The recombinant plasmid is introduced into the "target" 
mycobacterial cells (which include a Kan gene and no PyrF 

30 gene) using standard techniques (e.g., e lec troporation) . 
Homologous recombination occurs between sequences to one 
..side. of the Kan gene present in- the target mycobacterial 
cells and to one side of the PyrF gene present in the 
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recombinant plasmid, resulting in integration into the 
target mycobacterial cells genomes of the PyrF gene-DNA 
of interest combinations, as represented in Figure 15. 

Electroporated cells are plated onto medium 
containing kanamycin and no uracil. Only those cells 
which contain the kan gene and the PyrF gene (with which 
the DNA of interest has entered the cells) will survive 
under these conditions. Subsequent culturing of 
survivors on medium containing no added uracil will 
result in growth of only those mycobacteria having 
integrated into their genomes the PyrF gene-DNA of 
interest combination, as represented in Figure 15. 

In those cases in which DNA of interest is from a 
source which results in its inability to be expressed in 
mycobacteria, an expression cassette can be used. The 
expression cassette can contain a mycobacterial promoter 
and ribosome binding site, which will serve as expression 
signals controlling expression of the DNA of interest. 
As represented in Figure 16, the expression cassette can 
include a polylinker in sequences surrounding the pyrF 
gene. As a result, DNA of interest can be inserted and 
the mycobacterial signals will control its expression. 
Selection of mycobacterial cells in which the 
PyrF-expression cassette-DNA of interest combination are 
stably integrated can be carried out as described 
previously in relation to Figure 15. 

A slightly different, but related method by which 
DNA of interest can be integrated into mycobacterial 
genomes makes use of mycobacteria from which the normally 
present PyrF coding sequences normally present have been 
removed, using known techniques. A recombinant plasmid 
.similar to that described previously except" that it 
includes an intact (undisrup ted) PyrF gene in combination 



-51- 



with DNA of Interest (located at or near one end of 
PyrF) , is introduced into PyrF-deleted mycobacteria 
(e.g., by e lec troporation) . Cells which contain an 
intact PyrF gene (and, thus, DNA of interest) are 
identified by culturing electroporated cells on medium 
containing no uracil. Only cells containing the PyrF 
gene will survive. Subsequent growth on medium 
containing no uracil will also identify those cells In 
which looping out has resulted in stable Integration of 
PyrF and the DNA of interest into the mycobacterial 
genome . 

The outcome of both of these latter two approaches, 
in which PyrF is replaced with a Kan gene in or PyrF is 
deleted from the mycobacterial genome is that the 
resulting recombinant mycobacterial genome includes a 
functional PyrF gene and the DNA of interest, but does 
not contain a gene encoding drug resistance (e.g., Kan) 
or other selectable marker. 

Overview of uses and advantages of shuttle vectors and 

13^5^1 o^l_2^_£^^_2£^s.^Il£_iBX£B^iiP_Il 

There are numerous uses for and advantages of the 
phasmid and the plasmid vectors of the present invention, 
as well as for the method of the present Invention in 
which they are used. These are described below and their 
use in constructing vaccine vehicles is described in the 
following sections. As a result of the present inven- 
tion, by which DNA introduced into mycobacteria has been 
expressed, new genetic approaches to understanding 
questions of disease pathogenesis are now available. 
Using either phage or plasmid vector systems, it should 
be possible , to insert ionally mutagenize and mark genec of 
pathogenic mycobacteria, either by homologous 
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recombination or by transposon mediated insertion or 
deletion, with the aim of identifying specific genetic 
functions required for virulence and pathogenesis. For 
example, using these vectors and mycobacteria (e.g., M. 
smegmatis, M^_bovis_-BCG) , virulence genes of 
tuberculosis or M. leprae can be identified and 
diagnostics (diagnostic tests) developed. By 
specifically deleting or replacing those genes, it may be 
possible to develop a more specific and effective 
attenuated vaccine against tuberculosis than the current 
*i^_k2Xis-BCG vaccine. Alternatively, as specific 
protective antigens for tuberculosis and leprosy are 
identified by study of antigens recognized by T cells 
from resistant individuals, it will now be possible to 
15 introduce and express them in currently existing M. 
bovis-BCG vaccines . 

The vectors of the present invention are the first 
to make it possible to construct genomic libraries in a 
mycobacterium . This is particularly useful in 
identifying antigens or enzymes or drug targets for a 
pathogenic mycobacterium. For example, in the case of 
l£E£ae, genomic DNA is sheared and cloned, to ensure that 
the entire genomic DNA is included. Using the subject 
vectors, the library of the K. leprae fragments is first 
introduced into a bacterial host, such as E^coli, where ' 
it is expressed. It is subsequently moved into a 
mycobacterium (e.g., smegma t is , BCG) . As a result, 

the library exists in a mycobacterial host, thus making 
it more efficient to look for mycobacterial antigens, 
enzymes, drug targets and diagnostic probes. 

A shotgun approach can be used to introduce DNA into 
BCG and to identify clones containing genes which enable 
them to grow faster than present ly - available BCG, which 
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is a slow-growing my cobac ter ium . Genes identified in 
this manner can subsequently be used to produce BCG which 
grows faster than present ly - used BCG. A similar approach 
can be used to clone M^^lejrae genes into a cultivable 
05 mycobac ter ium and to identify those recombinant cells 

which grow. This approach can be used to make M^^legrae 
from a cultivable my cobac ter ium , thus alleviating the 
present difficulty of producing the pathogen. 

The vectors of the present invention can also be 

10 used to identify new drugs for the prevention or 

treatment of tuberculosis or leprosy. For example, it is 
possible that a target against which a drug should be 
directed is an enzyme (e.g., gyrase) produced by the 
causative my cobac terium . The corresponding 

15 enzyme - enco ding genes in M^^sme^matis can be replaced, 

using the subject vectors, with the M_. ^Hk£££Hi££i£ or 

the M_. leprae enzyme - encoding gene(s). This results in 

production of a recombinant M_. jsm^gmatis which can be 

used for testing to identify drugs effective against the 

20 enzymes (as well as for drugs effective against M^avium 
and in trace 11 u la re ) . 

The genetic approaches described herein have made it 
clear that both the aj>h and neo genes encoding kanamycin 
resistance can be (and have been) stably expressed in 

25 k£Zil" BCG vaccine strains. 

As a result of the work described herein, selectable 
markers (genes encoding identifiable characteristics on 
which selection can be based) are now available for 
mycobacteria. Three such selectable markers are now 

30 available for mycobacteria: 1) the chloramphenicol 
acetyl transferase or cat gene, which confers 
chloramphenicol resistance; 2) the aminoglycoside 
phosphotransferase or ap_h gene from Tn903, which confers 
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kaaamycin resistance; and 3) the cl gene, which encodes 
the repressor protein of the LI bacteriophage. Growth on 
medium containing the appropriate drug is used in the 
cases of the drug resistance genes to select mycobacteria 
containing the cat or the aph. gene. Selection of 
variants on the basis of the appearance (cloudy or clear) 
of the plaques they form when cultured is used in the 
case in which the cl gene is used for selection. 

Also as a result of the work described herein, 
10 lysogeny and site specific recombination have been shown 
to occur between specific sites, known as attachment, or 
att sites, on the mycobacterial chromosomal DNA and on 
the mycobacterial phage. In bacteria infected with phage 
lambda, the physical condition of the phage DNA is 
15 different in the lytic and lysogenic states. Change from 
one of these states to the other involves site-specific 
recombination. Integration of lambda DNA into host DNA 
(resulting in the free lambda DNA's becoming prophage 
DNA) must occur for lysogeny to occur; conversely, 
20 excision of prophage DNA from the host chromosome must 
occur for lysis to occur. Integration and excision 
involve s i te - spec if ic recombination. Although this 
phenomenon is known for several genera of bacteria, this 
Is the first time it has been demonstrated for 
25 mycobacteria. It can be used as a means by which DNA of 
interest can be incorporated Into mycobacteria 
efficiently and stably. 

For example, this can be accomplished by use of what 
is referred to as a cos-att vector. Such a vector can 
Include: 1) an Ej__coli or other appropriate bacterial 
origin of replication; 2) a gene encoding a selectable 
marker, v such as ampicilLin resistance, for selection in^ 
JL._££li or other bacterial host; 3) the att region of a 
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temperate phage, such as LI; 4) the lambda cos site, in 
order that lambda in^vitro packaging systems can be used; 
and 5) a gene encoding a selectable marker, such as 
kanamycin resistance, chloramphenicol resistance or the 
gene encoding the cl repressor of the phage LI. This 
vector can be constructed using known techniques and 
those described herein. Present on the same vector or, 
alternatively, provided in^trans can be genes necessary 
to mediate integration of the vector. 

The work described herein has resulted in identifi- 
cation of plasmid replicons which replicate extra- 
chromosomal ly in mycobacteria (e.g., smegma tis , BCG). 

As described, the pALSOOO replicon has been identified. 
The same method can be used to identify others which can 
also be used. 

The work described also demonstrates successful 
construction of E^coli mycobacterial shuttle phasmids 
that are recombinant DNA molecules that not only have the 

ability to replicate in E_. coli as plasmid s and in 

mycobacteria as a phages, but also have the ability to be 
packaged into bacteriophage lambda heads or into 
mycobac ter iophage particles. It further demonstrates 
that recombinant DNA has been introduced into both a 

fast-growing mycobac terium (M_. a t.1 s ) and a 

slow-growing mycobac terium (BCG). This makes it possible 
to infect M^bovis - BCG vaccine strains with the shuttle 
phasmids and, thus, to introduce cloned genes into 
mycobacteria. Thus, this eliminates the need to develop 
a transfection system for BCG. That is, because the 
co 1 jL- my cobac terial shuttle phasmid, upon transfection 
into mycobacteria, is packaged into mycobacterial 
particles,, DNA .of interest can be introduced stably into 
slow-growing mycobacteria (e.g., M_. bovis-BCG) by 
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transduction, rather than transf ection . This makes it 
possible to produce recombinant mycobacterial vaccine 
vehicles, which can be used to immunize against one or 
more antigens of interest. 

The use of in_vi tro packaging to construct these 
phasmids can be extended as an efficient strategy for 
cloning of genes (e. g. , genes or DNA of interest encod- 
ing an antigen or antigens for one or more pathogens 
against which an immune response is desired) into these 
vectors, as long as the size limits of the packaging 
system are not exceeded. It is also possible , by screen- 
ing additional Ll::pHC79 recombinant phasmids, to 
determine the maximum amount of DNA that can be deleted 
from the LI phage and to define additional non-essential 
15 regions of the phage genome into which DNA can be 
inserted . 



II^£f Hi_^£_^x£re£s _DNA_of_I uteres t 

The method of the present invention is useful to 
construct a genetically recombinant mycobacterial vehicle 
for the expression of the protein(s) or polypeptide (s ) 
encoded by DNA of interest incorporated into the 
mycobacterium. Such genetically recombinant mycobacteria 
have many uses . 

Vehicles of the present invention can be used, for 
example, as vaccines to induce immunity against the 
pathogenic antigen encoded by the DNA of interest. 
A pathogen is any virus, microorganism, or other organism 
or substance (e. g., toxins) which causes disease. A 
vaccine vehicle useful for immunizing against leprosy can 
be made. Because of the extraordinary adjuvant activity 
of mycobacteria, such as BCG, such a vaccine would be 
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effective in producing c e 1 1 - medi a ted immunity, particu- 
larly of a long-term or enduring nature. Genes encoding 
protein antigens of the leprosy parasite M^_l e£r ae have 
been isolated by Young and are described in detail in 

05 co-pending U. S. Patent Application Serial No. 892,095, 
filed July 31, 1986, the teachings of which are in- 
corporated herein by reference. In particular, genes 
encoding five immunogenic protein antigens (i. e. , 
antigens of molecular weight 65kD, 36kD, 28kD, 18kD and 

10 12kD) have been isolated. In addition, 6 different 

epitopes encoded by the gene for the 65kD antigen have 
been defined. At least one of these epitopes has been 
shown to be unique to leprae ; the other epitopes have 

been shown to be shared with the 65kD proteins of other 

15 mycobacteria. 

Through use of the shuttle vectors and recombinant 
plasmid vectors of the present invention, it is possible 
to introduce into BCG one or more of the genes encoding 
M. leprae pro tein .antigens , using methods described above 

20 and in the following examples. The gene encoding the 

65kD M JL _le£rae protein has, in fact, been introduced into 
and expressed by recombinant BCG. Results of Western 
blot analysis (Figure 17) demonstrated the presence of 
both the 65kD M^_le£rae antigen and the selectable 

25 marker. For example, the gene encoding the 65kD 
A£E2L£® antigen can be introduced into BCG, stably 
integrated into its genomic DNA and expressed at levels 
sufficient to stimulate or induce an immune response in a 
host to which it is administered. As described in detail 

30 in Example 11, monoclonal antibodies specific for the 
65kD M J __legrae protein have been used to demonstrate 
expression of the 6 5kD M_ L _l 1 e^r ae gene in extracts o*f * 
£21££ni££iiS into which the gene was introduced. In 
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addition, the gene encoding the SIV1 envelope protein has 
been cloned into a similar plasmid vector, to be 
introduced into M^^smegmatis using the techniques 

described for the Kan and leprae genes. A similar 

05 construct, for introduction into BCG, has also been made. 
In this way, it is possible to construct a vaccine which 
is close to ideal, in that it contains one or more 
protective antigens of M^ leprae , does not have 
tolerogenic determinants and has an excellent adjuvant 
10 for inducing cell -mediated immunity. 

In a similar fashion, it is possible to construct a 
vaccine, using a shuttle or plasmid vector and the method 
of the present invention, to provide specific protection 
against tuberculosis. Such a vaccine is particularly 
15 - attractive because of the recently reported finding, 

described above, that presently-used vaccines are proving 
to be ineffective. Genes encoding immunogenic protein 
antigens of the tubercle bacillus M . tuberculosis have 
been isolated and are described in co-pending U. S. 
20 patent application Serial No. 07/010,007, entitled "Genes 
Encoding Protein Antigens of Mycobacterium Tuberculosis 
and Uses Therefor", by Robert N. Husson and Richard A. 
Young, filed February 2, 1987 (now abandoned), and in the 
continuation-in-part application, Serial No. 07/154.331, 
25 filed by the Express Mail procedure February 10, 1988), 
entitled "Genes Encoding Protein Antigens of Myco- 
bacterium Tuberculosis and Uses Therefor", by Robert N. 
Husson, Richard A. Young and Thomas M. Shinnick, the 
teachings of which are incorporated herein by reference. 

In this case, a gene encoding an immunogenic protein 
antigen of ^.tuberculosis is introduced into BCG by 
means of a. shuttle ar plasmid vector, as described above*. 
It is also possible to introduce more than one M . 



30 



WO 90/00594 



PCT/US89/02962 



-59- 

tujse_r£uj. osjls gene, each encoding a protein antigen, into 
BCG. For example, a gene encoding immunogenic 
tuberculosis antigens of molecular weight 12kD , 14kD , 
19kD, 65kD and 71kD, or a combination of two or more of 
05 these genes, can be inserted into BCG, stably integrated 
into genomic DNA and expressed. The result is a vaccine 
which is specific for immunization against tuberculosis 
and which induces long-lived immunity against the 
bacillus . 

10 it is also possible, using the method of the present 

invention, to construct a multipurpose or multifunctional 
vaccine (i. e. , a single vaccine vehicle which contains 
and expresses DNA of interest which includes more than 
one gene, each gene encoding a protein antigen for a 

15 different pathogen or toxin). For example, it is 

possible to introduce into BCG, using the shuttle vector 
phasraid or the plasmid vector described, a gene encoding 
a protein antigen for M^legrae , a gene encoding a 
protein antigen for Mj.^ tub e r c u 1 o s i s , a gene encoding a 

20 protein antigen for Leishmania, and a gene encoding a 
protein antigen for malaria. Administration of this 
multi-valent vaccine would result in stimulation of an 
immune response to each antigen and provide long-term 
protection against leprosy, tuberculosis, leishmaniasis, 

25 and malaria . 

The recombinant mycobacteria can also be used as an 
anti - fertility "vaccine" vehicle. For example, 
mycobacteria containing DNA encoding antigens such as 
human gonadotropic hormone (HGH) fragments can be used as 

30 an anti- fertility vaccine and administered as a birth 

control agent. Vaccine vehicles of the present invention 
can be used to treat human cancers, such as bladder 
cancers or melanomas (e.g., by expressing growth 
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inhlbitors or cytocidal products). In this context, 
recombinant mycobacteria which contain and express 
interferon as, and/or 7, one or more interleukin 
( interleukins 1-7) and/or TNF a or £ are particularly 

05 useful. In another application, recombinant mycobacteria 
can be used to express stress proteins, either for the 
purpose of eliciting a protective immune response (e.g., 
against subsequent or long-term infection) or for the 
purpose of inducing tolerance in an autoimmune disease 

1® (e.g., rheumatoid arthritis). Stress proteins, such as 
those described in co-pending U.S. patent application 
Serial No. 207,298, entitled Stress Proteins and Uses 
Therefore, by Richard A. Young and Douglas Young, filed 
June 15, 1988, can be used in this purpose. Because of 

15 their large genomes (e.g., the BCG genome is about 3xl0 6 
bp long) , mycobacteria can accommodate large amounts of 
DNA of interest and, thus, can serve as multi-purpose 
vehicles . 

Recombinant mycobacteria of the present invention 
20 can be used to produce polypeptide (s ) of Interest, such 
as steroids. In this case, all or a portion of a 
steroid-encoding gene is introduced into an appropriate 
mycobacterial host, in which it is expressed. Thus, the 
recombinant mycobacteria provide a valuable means of 
25 producing such proteins. 

In addition, the shuttle vectors and genetically 
recombinant mycobacteria of the present invention can be 
used in a diagnostic context. For example, a shuttle 
phasmid which is specific for (capable of introducing DNA 
into) a pathogenic organism (e.g., ^^tuberculosis , 
avium) and includes DNA encoding a reporter molecule 
(e.g., luclferase from a* Vibrio bacterium or of firefly- 
origin; £ - galactos Idas e ; 0 - glue o r on Idas e ; catechol 
dehydrogenase) and a strong mycobacterial promoter (the 
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DNA sequence necessary for initiating transcription) , 
which controls (drives) expression of the reporter 
molecule - encoding gene, is constructed. A sample (e.g., 
blood, urine) is obtained from an individual to be 
assessed for presence or absence of the pathogenic 
organism. If, for example, the individual is being 
tested for tuberculosis, a shuttle phasmid specific for 
M. tuberculosis is used. The sample is cultured and 
combined with an appropriate quantity of the 
tuberculosis - specific phasmid. After a short time (e.g., 
several hours) under appropriate conditions , the sample 
is assayed, using known techniques, for the occurrence 
(presence or absence or if desired, the quantity, of the 
reporter molecule encoded by the DNA in the vector. If 
the sample contains M .tuber culos is , even at very low 
levels , the DNA present in the phage will be introduced 
Into the organism. Once in ^^tuberculosis present in 
the sample, the phasmid (phage) DNA, including that 
encoding the reporter molecule, will be replicated. If 
the reporter molecule is luciferase, a considerable 
quantity of luciferase will be produced (because 
production is driven by a strong promoter) and can be 
detected using standard equipment, such as a photometer. 

Determination of presence or absence of M_. tube rcuJLo sis 

infection in the individual is thus possible, as is 
quantitation, if desired. Until the present method was 
developed, available techniques of diagnosing 
tuberculosis were slow (e.g., required several weeks). 
ft- galac tos idase , which has now been expressed in 
mycobacteria, can also be used as a reporter molecule. 

In any of the uses of the recombinant mycobacteria 
to- express a protein or polypeptide, it is possible to 
Include in the shuttle vector DNA encoding a signal 
sequence and, thus, provide a means by which the 
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expressed protein or polypeptide is made in the cytoplasm 
and then secreted at the cell walls. For example, the 
signal sequence from a antigen, which is secreted in 
mycobacteria, could be used. Alternatively, the signal 
sequence for ^-galactosidase, agarase or a amylase could 
be used. 

The present invention will now be illustrated by the 
following examples, which are not to be considered 
limiting in any way. 

Example 1 T r an s f ec t i o n_ o f _M^_ s m e SSatis_s£hero£lasts_with 

Spheroplasts of the ^ smegmatis strain mc 6 were 
prepared according to the following method. mc 2 6 is a 
single colony isolate that is the predominant colony type 
isolated from the ATCC 607 H^_smejgmatis stock culture. 
It forms orange rough colonies on regeneration media. 
Hopwood, D. A. et^_^aL , In : Gene tic Man i p u 1 a t ion^o f_ th e 

§£Z££ J££SZ£££^. ^_Lf:k£££ ^ ££Z_M^:£££i , The John Innes 
Foundation, Norwich, England (1985). 

Spheroplasts of tt^_£5J£gmat is were prepared as for 
S treptomyces , using media for spheroplast preparation 
described by Udou et^al^ for smegmatis . Udou, T. et 

» l£ M r n a 1 _ o f _ &££ t e r i o 1 o gy; , 151 : 10 35-1039 (1982). 
mc 6 cells were grown in 40 ml of tryptic soy broth 
containing 1% glucose and 0.2% Tween 80 in a 250 -ml 

baffled- flask at 37°C with moderate shaking to an A. A/ . - 

6 00 

0.2, at which time a 20% glycine solution was added to a 
final concentration of 1%. The cells were incubated for 
an additional 16 hours and then harvested at room 
temperature by centrifuging at 5000 x g for 10 minutes . 
The pellet* was .washed twice with 10 ml of 10.3% sucrose 
and then resuspended in protoplast (P) buffer containing 
2mg/ml lysozyme solution. After a 2-hour incubation at 
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37°C, 5 ml of P buffer was added and the spheroplasts 
were pelleted by centrifuging at 3000 x g for 7 min. The 
pellet was resuspended in 10 ml P buffer and used within 
3 hours . 

05 mc -11 was isolated as a spontaneous D29 -resistant 

isolate of the ATCC 607 M. srae^matis stock culture when 

g ' ' g 

10 cells were mixed with 3 x 10 D29 plaque - forming 

units and plated on tryptic soy agar plates. 

D2 9 - res is tant colonies arose at a frequency of 10 ^. 
2 

10 mc 6 spheroplasts were mixed with 1 ug of D29 DNA; 

one tenth of the resulting mixture was plated on tryptic 

soy agar plates, with or without 0 . 5M sucrose. They were 

then overlayed with the appropiate soft agar containing 
8 2 

10 mc 6 cells. The DNase treatment was performed by 
15 adding DNase I (Sigma), at a final concentration of 50 
ug/ml , to the D29 DNA. 

2 

Equivalent amounts of mc 11 spheroplasts were used 

in the same manner, but then subsequently overlayed with 
2 

mc 6 cells to assay plaque forming units (pfu) . 

20 Phage Plate Stocks: Plate lysates of D29 were 

prepared on tryptic soy agar media containing 2mM CaC^ . 

sme gma t i s cells that had been grown in a baffled flask 
at 37°C in Mi'ddlebrook 7H9 broth containing ADC 
enrichment to midlog phase were mixed with phage diluted 

25 in MP buffer (lOmM Tris-HCl, pH 7.6 -10 mM MgCi 2 -100 mM 
NaCl-2 mM CaCl 2 ) and incubated at 37°C for 36 hours, 
until plates were confluent. The phage were harvested 
with MP buffer and then purified on two CsCl equilibrium 
gradients, followed by extensive dialysis against MP 

30 buffer. DNA was extracted from phage by adding EDTA to a 
final concentration of 50 mM and treating with proteinase 
K at 100 ug/nil at 55°C for 24 hours, followed by 
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phenol - chloroform extraction, and extensive dialysis 
against TE buffer. 

Transf ection : For each transf ection, 2.5 ml of the 
spheroplast suspension was pelleted in a conical " 15 -ml 
polystyrene tube. The supernatant fluid was carefully 
decanted and the spheroplasts were resuspended in the 
remaining drop of buffer. After adding 1 ug of DNA in a 
total volume of less than 10 ul, 0.5 ml of a 25% PEG-1000 
(J.T. Baker Chemical Co., Phila, PA) solution prepared in 
10 P buffer was added. The resulting combination was mixed. 
Within 3 min, 5 ml of P buffer was added to the mixture 
and the spheroplasts were pelleted as above* After 
carefully pouring off the supernatant fluid, the pellet 
was resuspended in 1 ml of P buffer and samples were 
15 transferred to tryptic soy agar with or without 0.5 M 

sucrose. The plates were then overlayed with 3.0 ml of 
soft tryptic soy agar and incubated at 37°C. The plaques 
were counted after 24 hours of incubation. 



20 



Ex amp 1 e 2 C ons true tion_of _ t h e_ shut 1 1 e_£h a s m i d_£h A E 1 

TM4 phage DNA was ligated at a concentration of 250 
ug/ml. Aliquots were partially digested with Sau3A that 
was serially diluted; fragments that averaged 30 to 50 kb 
in length (as analyzed by agarose gel electrophoresis gel 
electrophoresis) were obtained in this manner. These 
25 fragments were ligated at a 1:2 molar ratio of TM4 

fragments to pHC79 that had been cleaved with BamHI . The 
packaging of an aliquot of this ligation with in vitro 
packaging mix (Gigapack plus, Stratagene, San Diego, CA) 
and subsequent transduction into ER1381 (hsdR mcrA* 
30 mcrB + , E. Raleigh), yielded 10 6 ampicillin colonies per 
ug of TK4 DNA insert, when plated on L ag£r containing 
ampicillin at 50ug/ml. 
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A pool of 40,000 ampicillin-resis tant clones was 

prepared by homogenizing colonies in L broth with a glass 

spreader. Plasmid was isolated from pools of clones by 

alkaline-SDS extraction, followed by phenol-chloroform 

05 extraction and concentration with ethanol. Covalently- 

2 

closed plasmid DNA was transfected into mc 6 spheroplasts 

as described in Example 1. The plaques were screened for 

the presence of pHC79 by performing plaque lifts using 

the protocol of Benton and Davis and Biotrans nylon 

10 membranes (ICN). Benton, W. D. and R. W. Davis, Science, 

196: 180-182 (1977). The membranes were hybridized with 

32 

pHC79 DNA that had been nick- translated with P-dCTP and 
autoradiography was performed. 

Example 3 I n f e^ t i cji_ o f _ B C G _ a^ 

15 2iasmi_d_2hAEl 

BCG-Glaxo (W. Jones) was propagated in Middl-ebrook 

7H9 broth (Difco) containing ADC enrichment (Difco) and 

0.5% Tween 80 (Sigma) in standing cultures at 37°C. 

2 

Lawns of BCG-Glaxo or mc 6 cells were prepared by mixing 
20 10 8 BCG-cells with supplemented top soft agar and pouring 
on Dubos agar without Tween 80 (Gibco) supplemented with 
OADS enrichment (Difco). Jones, W.D., Jr., Tubercle, 60: 
55-58 (1979). The 4 phages, DS6A, TM4 , phAEl, and 33D 
were serially diluted and spotted on the two lawns. The 
25 plates wre read at 14 days and 2 days for BCG-Glaxo and 
M , sniegmatis , respectively. 



Example 4 C 1 o n i ng_ o f _ a m i n o g 1 icoside_2hos£hotransf erase 

^£I2 e .— iH££— 2h^^i 
A 1.6 kb EcoRI fragment encoding the aminoglycoside 

30 phosphotransferase gene (a|>h) from Tn903 was cloned into 

phAEl by taking advantage of cosmid cloning strategy. 
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Plasmid phAEl DNA was isolated from E , coli and cut with 
£££ RI > tne kb fragment was ligated to these large DNA 

molecules. The ligation product was packaged into phage 
lambda in vitro, yielding particles which transduced 
05 kanamycin-resis tance and amp icillin- r es is tance to g^coli 
cells. Plasmid DNA was isolated from these E. coli cells 

and shown to yield high frequencies of plaque - forming 

2 

units when transfected into M^_smegmatis mc 6 
protoplasts. This demonstrates that it is possible to 
10 clone at least 1.6 kb of additional DNA into the unique 
EcoRI site of phAEl. Similar results were obtained with 
the shuttle phasmid phAE2 , a shuttle vector which has 
similar characteristics to those of phAEl but is 2 kb 
smaller in size than phAEl, which should allow for the 
15 cloning of at least 3.6 kb of additional DNA. In both 
cases, introduction of the aph gene resulted in 
introduction of a new Nrul site, providing proof that 
additional DNA fragments can be cloned and stably 
maintained in the shuttle phasmids. Thus, these vectors 
without further modification can be useful for cloning 
additional genes into mycobacteria. 



20 



Example 5 St ab 1 e_ ex£ r £ £ £ ! £B_ £ f _£_££l:££i£ki£_5i££k£.E_ i n 

51Y££^^£l££l^_H£iiB5_£_£^H££i£_Ell^£inii^: - 
Shuttle phasmids were constructed from the phage LI 
25 (ATCC #27199) in a manner similar to those constructed 
for the TM4 phage, Doke, S . , Kuraamoto_Medical^Journal , 
34:1360-1373 (1960). All of the Ll-shuttle phasmids 

identified have the ability to lysogenize srae^matis . 

LI has been shown to integrate into Mj._sinegmatis 
chromosomal material and to form stable lysogens. Other 
phage,- such as L3 (ATCC #27200), a phage which remains as 
a plasmid ( ex tr achr omo s omal ) and L5 (ATCC #27201) can 
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also be used in constructing shuttle phasmids , Results 

showed that these shuttle phasmids will lysogenize 

smegma tj.s_ and thus made it possible to stably integrate 

DNA of interest into mycobacteria for the first time. 

05 The a£h gene was cloned into the unique EcoRI site of the 

Ll-shuttle phasmid designated phAE15 , as described above 

for the TM4- shuttle phasmids in E^ col i . M J smegma t is 

2 

cells (mc 6) were overlayed on top of agar on a Dubos 
agar plate containing kanamycin. Dilutions of the 

10 shuttle phasmid phAE15 and phAE19 (phAE15 with the clone 
a£h gene) were spotted on the agar lawn. The plate was 
incubated 5 days at 37°C for 5 days. The colonies that 
grew all had been lysogenized with the Ll-shuttle phasmid 
into which the agh gene had been cloned. The resulting 

15 shuttle phasmid, phAE19 , was able to lysogenize 

sjnegmat: i^s cells. The resulting lysogens expressed the 
cloned a£h gene because they were resistant to kanamycin. 
Furthermore, these lysogens yielded mycobac te r i ophage 
particles that also expressed the kanamyc in - r e s i s tan t 

20 phenotype upon subsequent transfer and ly s o geni z a t i on of 
kanamycin- sensitive M^_sme^matis cells. Transfer of 
these phages results in co transduc t ion of the lysogenic 
state (i.e. immunity to superinfection) and kanamycin 
resistance. The LI phage, used to lysogenize 

25 sme^niatis , does not plaque on BCG. However, variants of 
both LI and the shuttle phasmid phAE19 which do form 
placques on BCG have been isolated. These can be tested 
for their ability to introduce and stably express genes 
of interest in BCG and M^_tuberculosis by means of 

30 temperate shuttle phasmids. Thus, these phages have the 
ability to stably introduce DNA of interest into 

• ' In addition, host range variants (e.g., 
phAE19) which will infect and lysogenize BCG have been 
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isolated. This has made it possible to produce a 
recombinant mycobacterium , containing DNA of interest. 
Such recombinant mycobacteria can be used as a vaccine. 

Ex amp 1 e 6 Int ej*r at ion_o f _gYCgbac ter i£E^lg:g£„L3:^£B j 

05 LI -shuttle phasmid DNA into the H J smegmatis 

£hr omosome 

Phage LL was obtained by plating the culture 

supernate from an unspeciated Mycobacterium, ATCC 27199, 

grown in tryptic soy broth containing 0.05% Tween 80, on 

2 

10 cloned M. smegmatis strain, mc 6. Jacobs, W.R. Jr., 

Tuckman, M. & Bloom, B.R. Nature, 3 27:532-535 (1987). 

The phage was plaque - purif ied and high-titered plate 

2 

lysates were obtained from mc 6 grown on Dubos agar 
medium (without Tween) containing 2 mM CaCl^ at 37 °C. 

15 Phage particles were purified by CsCl equilibrium-density 
centr if ugation and phage DNA was isolated as described 
previously. Jacobs, W.R. Jr. , Tuckman, M & Bloom, B.R. 
Nature, 327:532-535 (1987). Ll-shuttle phasmids were 
constructed following the previously described protocol 

20 using pHC79 as the cosmid and the substitution of LI DNA 
for TK4 DNA. Jacobs, W.R. Jr., Tuckman, M . & Bloom, B.R. 
Nature, 327:532-535 (1987). The a £ h gene from Tn90 3 was 
introduced into one Ll-shuttle phasmid, phAE154, by 
ligating phAElS DNA cleaved at the unique EcoRI site to 

25 the Tn9 0 3 EcoRI a£h cassette (Pharmacia) . The resulting 

ligation was packaged in vivo into lambda-phage heads, 

which were then transduced into the E. coli strain 2338, 

selecting for both ampicillin- and kanamycin- res is tance . 

Jacobs, W.R. e t a 1 . Proc^NatL_Acad^^Sci^IJ J _S^A^ , 8 3 : 

30 1926-1930 (1986). Plasmid DNA was isolated from the E. 

2 

coli , transfected into mc 6 protoplasts and the resulting 
mycobacteriophage was designated phAE19 . Lysogens were 
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purified from turbid plaques arising after spotting 

2 

phasmids on agar containing mc 6 cells. Putative 

lysogens were tested for release of phages and resistance 

to superinfection by LI. Chromosomal DNA was isolated 

05 using a Braun homogenizer , followed by phenol-chloroform 

extractions. The Southern analysis was performed using 

Biotrans (ICN) nylon membranes following the 

manufacture's recommendations. LI DNA was radiolabelled 

32 

using a nick translation kit (BRL) and P]-dCTP 
10 (Amersham) . 

Ex amp 1 e 7 Exgression^of^kanamYcin 

using the temperate shuttle phasmid phAE19 
2 7 

M. snie^matis , mc 6, [2x10 ] cells, grown in shaking 
cultures at 37°C in Middlebrook 7H9 broth supplemented 

15 with ADC enrichment and 0.05% Tween 80 (M-ADC-TW broth), 
were mixed with 3 ml Dubos top agar and overlayed onto a 
Dubos agar plate containing 15 ug/ml kan-amycin. Lysates 
of the Ll-shuttle phasmids, phAE15 and phAE19 
( =* phAE15 : : ap_h ) , were filtered through a 0.45 urn filter 

20 and diluted to approximately 5 x 10 pfu/ml using MP 
buffer. Jacobs, W.R. Jr., Tuckman, M . & Bloom, B.R. 
Nature, 3 27: 532-535 (1987). Serial tenfold dilutions 
(10 ul) were spotted in the designated areas, and the 
plates were incubated for 5 days at 37°C. As shown in 

2 

25 Figure 7, colonies appeared where phAE19 lysogenized mc 6 
cells, thus demonstrating expression of kanamycin- 
resistance. In multiple experiments, kanamycin- 

resistance colonies were not observed from either 

2 2 
spontaneous mutants of mc 6 cells or mc 6 cells 

lysogenized with phAE15 . The M^^smegmatis strain, 

... 2 2 
designated mc 96, which is m/c 6 lysogenized with phAEl'9 

was deposited July 22, 1988 at the American Type Culture 
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05 



20 



Collection (Rockville, MD) under Accession No. 67746. 
All restrictions on public access to the deposit will be 
removed irrevocably upon grant of a United States patent 
based on this application. 



E x a mp 1 e 8 Construction^and^analys jLiL-£.£— lb co li -_myc£b ac - 

^^A^^shut tle^^plasmids 

Plasntid pALSOOO DNA, isolated as described 

previously, was partially digested with Mbol and linear 

fragments of 5 kb were isolated from an agarose gel 

10 following electrophoresis. Birnboim, H. & Doly, J. 

Nucleic^Acid^Res^ , 7:1513-1525 (1979). These fragments 

were ligated to the positive selection vector pIJ666, 

which contain the neo gene originating from Tn5, and the 

P15A origin of replication and cat gene from pACYC184, 

15 that had been cleaved with BamHI and EcoRV and 

transformed into E. coli. Kieser, T. and R.E. Melton, 

Gene, 65 : 83 -91 (1988); Berg, D.E. et_al^, Proc^NatL 

£ £ a d^_S c i^_U^ S^A^ , 72:3 628-3 632 (19 75); Chang, A.C.Y and 

S.N. Cohen, J. Bact^, 134:1141-1156 (1978) and Chi, T. et 

al, I^Bact^, 133 : 816-821 (1978). Chloramphenico 1 - 

resistant transf ormants (200 colonies, resistant to 25 

g/ml) were pooled and grown in mixed culture, from which 

plasmids were isolated. Birnboim, H. and J. Doly, 

Nucleic_Acid_Res^, 7:1513-1525 (1979). This library of 

25 pIJ666 : :pAL5000 hybrid plasmids was transformed into M. 

smejgmatis by elec troporation using the Gene Pulser 

(Biorad) e lectr op o r ator . Chassy, B.M. and J.L. 

Flickinger F E M S _M i c r o b i o 1 o £y _ L e t t e r s , 44:173-177 (1987). 

2 

Fresh cultures of mc 6 cells were grown in M-ADC-TW broth 
30 with shaking to an A g00 -1.7. The cells were harvested by 
centrif ugation, washed in e 1 e c tr opor a t i on buffer (7mM 
phosphage, pH7 . 2 - 272 mM sucrose) and resuspended to one 
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tenth the original volume. Plasmid DNA (1 ug) was added 
to an elec troporation cuvette containing 0.8 ml of M. 
£megma t i s cells. Following a 10 minute incubation on 
ice, the cells were subjected to a single pulse of 

05 elec troporation (25 uF at 6250 V/cm) , then mixed with an 
equal volume of M-ADC-TW broth and incubated at 37° C for 
2 hours. The cells were then plated on 7H10 agar plates 
containing 10 ug/ral kanamycin and incubated for 7 days at 
37°C. The kanamyc in - r e s i s tan t t r ans f o r mant s were 

10 subcultured in 7H9-ADC-TW both containing 10 ug/ml 

kanamycin and retained their ability to plaque phage D29, 
confirming that they were srae^raatis. Froman, S. et 

aL , Am^_J^_Pub|ic_Health , 44: 1326 -1334 (1954). These 
trans formants were also resistant to 100 ug/ml of 

15 chloramphenicol. Plasmid DNA 'was isolated from 1 ml 
sample of cells by a modification of the procedure of 
Birnboim and Doly, incubating overnight sequentially in 
lysozyme, alkaline-SDS and finally high-salt. The DNA 
isolated from M. smegmatis was transformed into 2338 and 

20 yielded more than 10 kanamyc in - re s is t ant E. coli 

transf ormants per ug of DNA. Birnboim, H. and J. Doly, 
Nucleic^Acids it Res . , 7:1513-1525 (1979). All unique 
plasmids isolated from individual E. coli transformants 
could transform and confer kanamycin- and 

25 chloramphenicol-resis tance to M . smegma tjLs . 

V 

Example 9 T r an s f o r m a t i o n_o f _M_ L _ s £ jgm a t ^ s _ an d_B C G _w i. t h 

The BCG-Pasteur substrain P1173P2 was grown in 
M-ADC-TW broth shaking at 37°C for 5 days (estimated 
30 viability 4.5 x 10 7 cfu/ml). These cells were 

transformed by elec troporation with the p I J 6 6 6 : p AL5 0 0 0 
recombinant library following the same procedure 
described above and plated on 7H10 agar containing ADC 
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enrichment and 20 ug/ml of kanamycin. A pool of 45 
kanamyc in- res is tant BCG cells was cultured in liquid 
medium containing 20 ug/ml of kanamycin for 3 weeks at 
37° C. From this culture, plasraids were isolated as 
05 described in Example 8. They were all 11.2 kb in size 
and conferred kanamycin- res is tance upon E. coli cells 
when transformed. This plasmid DNA was again used to 
transform BCG cells. The plates shown above were 
incubated for 18 days at 37°C and then photographed. 
10 BCG-Pasteur substrain transformed with a shuttle plasmid, 
designated pYUPHOO (also referred to or designated 
pYUB13), which includes the gene encoding kanamycin 
resistance and the gene encoding chloramphenicol re- 
sistance, was deposited July 22, 1988 at the American 
15 Type Culture Collection (Rockville, MD) under Accession 
No. 67745. All restrictions on public access to the 
deposit will be removed irrevocably upon grant of a 
United States patent based on this application. 

The M_. le£rae gene encoding stress - induced 65 kDa 

antigen has also been introduced and expressed in 
smegmati£ and BCG. The M. leprae gene was cloned into an 
lL_coli -Mycobacteria shuttle plasmid, designated pYUB12, 
which is a member of the group of shuttle plasmids, 
previously designated pYUP, which includes pYUPHOO. The 
resulting construct, pYUB39, was transformed into both 
smegmatis and BCG-Pasteur and cell lysates from 
transf ormants were electrophoresed on SDS - polyacrylamide 
gels. The resulting gel was blotted onto nylon membrane 
that was then probed with a mouse monoclonal antibody 
that recognizes the M^le^rae-specific epitope IIE9 . The 
blot was then probed with mouse-specific rabbit 
antibodies linked to* alkaline phosphatase, developed for 
phosphatase activity, and photographed. The resulting 
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gel demonstrates that the cloned gene encoding the 
foreign M^le£rae 65 kDa antigen is expressed in both 
smegmatis and BCG, as represented in Figure 17, which is 
a photograph of the Western blot analysis of the SDS 
polyacrylamide gel electrophoresis of cell lysates 
containing the recombinant plasmids pYUB12 or p.YUB-3 9. 

Example 10 Construction of a recombinant plasmid for 

introduction of the Kan gene into M^ 
£I2££2fL£.Ls anc * integration of Kan. into 

^in^filS^Si^—JS^Ii^ni®— 1 

The following bacterial strains were used: RY1103 
(DB6507, Bach, M . L . et_aL , P r o c e e d i ng s _ o f _ t h e _ N a t i o n a 1 
Academy of Sciences , USA , 76 : 386-390 (19 7 9)) 
HB101 , pyrF : : Tn5 , thr- ,leu- ,pro- ,B1- , r- ,m- , sull and RY1107 
(DB6566, Rose, M. eWL, Gene, 29:113-124 (1984)) 

B15 ,pyrF: :Mu, trp , lacZ ,hsdR" ,ra + , Su" . Both were 
J am am 

obtained from Dr. David Botstein (Massachusetts Institute 

of Technology) . Y1109 (DH5alpha) F~ , endAl , hsdR17 ( rK , mK + ) , 

supE44 , thil , recAl , gyrA9 6 , re la , del ( argF - lacZYA) Ul 6 9 , 

lambda" , phi80dlacZdelM15 , which was obtained from 

2 

Bethesda Research Laboratories. MC - 6 , a single colony 
isolate Mj._smegniatis prototroph, which was obtained from 

Dr. William Jacobs (Albert Einstein College of Medicine). 

R 2 
FOA -3 is a spontaneous mutant of MC -6 to uracil 

auxotrophy and resistance to 5 - f luor o - or o t i c acid. 

M_. bovis -BCG (Moreau) is ATCC 35736. ML bovis-BCG 

(Montreal) is ATCC 35735. 

2 

M^ smegma t is genomic DNA was obtained from MC -6 
after growth' in tryptic soy broth supplemented with 
glucose and Tween 80. Cultures were grown to saturation 
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with glycine added to 0.5% for the last several hours. 
Cells were harvested by centr i f ugat ion , washed and 
resuspended in 50mtt Tris pH8 . 0 , lOraH EDTA, 10% sucrose 
and then treated with 0.2 mg . per ml. lysozyme for one 

05 hour, followed by 50mM: EDTA and 1% SDS for 15 minutes. 
Multiple phenol : chloroform extractions were performed, 
followed by isopropanol precipitation, RNAse treatment, 
phenol : chloroform extraction, chloroform extraction and 
ethanol precipitation. The pellets were washed with 70% 

10 ethanol and resuspended in TE pH7 . 5 . M^bovis_ -BCG 
(ttoreau) genomic DNA was a generous gift of Dr. 
Graskinsky . 

Mycobacterial genomic DNA was partially digested 
with Sau3A, size selected by agarose gel electrophoresis 

15 onto DE81 paper, eluted with high salt, ethanol 

precipitated and ligated into pUC19 which had been 
cleaved with BamHI and treated with calf intestinal 
phosphatase. DH5alpha, made competent for transformation 
by the procedure of Hanahan, were transformed with this 

20 ligation and plated onto Luria Bertani agar containing 
50ug/ml ampicillin. The proportion of colonies 
containing recombinant plasmids was determined by plating 
onto indicator plates containing XGal and IPTG and 
determining the ratio of white colonies to total (white 

25 plus blue) colonies. Pooled plasmid DNA was obtained by 
scraping colonies from the plates, resuspending in SOniM 
Tris pH 8.0, lOmM EDTA, 50mM glucose. The resulting 
suspension was processed by the alkaline lysis method for 
^obtaining plasmid DNA. The M J __sme£matis recombinant DNA 

30 library consists of 35,000 independent initial 

trans formants , of which 8 5% were recombinant. The M. 
bovis-BCG recombinant DNA library consists of 64,000 
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independent initial transformants of which 55% were 
recombinant . 

Isolation of recombinant plasmids containing the 

2!Y££^£££££i^:i-2Z£Z-£^!l e . 

05 Y1103 and Y1107 were made competent by the method of 

Hanahan, transformed with the plasmid library DNA and 

plated on minimal agar plates. Of 180,000 transformants 

initially screened for the M^_smegmat i. s library, 31 were 

able to grow on minimal medium. 

10 Plasmid DNA Isolation, Restriction Mapping and DNA 

^£3H£B£iBS 

Plasmid DNA was isolated from liquid cultures by the 

alkaline lysis method. Restriction mapping of 

recombinant plasmid DNA was performed with multiple 

15 enzymes using standard methods. DNA sequencing was 

performed using the dideoxy method after subcloning into 

M13mpl8 and M13mpl9, using sequencing kits from New 

England Biolabs and U.S. Biochemicals . 

Example 11 Integration of the M JL _le£rae 65KD gene 
20 into £me^matis_£enomic_DNA 

Construction of recombinant plasmids expressing kanamycin 

r esistance^and^the^M^. iiiE£££_i> JL}S2_ £H^iS£S 

pPP25, a recombinant plasmid containing DNA from 
s megma t i.s_ able to complement pyrF E^__c o 1 i , was digested 
25 with BamHI and ligated to the 1 . 3kB BamHI fragment 

encoding aminoglycoside phosphotransferase of Tn903, 
isolated from pUC4kSAC . The Eco RI fragment of Y3178 
containing' the gene encoding the H\__le£rae 65kD antigen 
was subsequently cloned into the unique Xhol and EcoRV 
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sites in the mycobacterial DNA in this plasmid. In each 
case the transcriptional orientations of the 
mycobacterial open reading frame, the kanamycin 

resistance gene and the leprae 6 5kD gene were 

05 determined to be in the same orientation. 

Trans_f £*?gaj:ion of Ky cobac ter ia by Slec tr opor a t ion 

M^__sme^matis and M_ ! b £v_i s_ - B C G were grown in 

Middlebrook 7H9 medium supplemented with ADC enrichment 
and 0.05% Tween 80 (M-ADC-Tw) to an & 6Q q of approximately 

10 0.3 to 0.5. Cells were harvested by centr if ugation , 

washed in lOmM Hepes pH7 . 0 , centrifuged and resuspended 
in 1/10 volume lOmM Hepes pH7 . 0 , 10% glycerol (M^ 
* smegmatis) , or washed and resuspended in 1/10 volume 7mH 
sodi um phosphate pH 7.2, 27 2mM sucrose (BCG) . DNA was 

15 added and the cells were exposed to a single pulse of 

6.25kV/cm at 25 microfarads using the Biorad Gene Pulser. 
Three to five volumes of M- ADC -Tw were then added, the 
cells were incubated for 2-3 hours at 37° C, centrifuged, 
resuspended in a small volume of M-ADC-Tw and plated on 

20 tryptic soy agar supplemented with 1% glucose, containing 
lOug/ml kanamycin (M^_smegma t is ) or Middlebrook 7H10 agar 
supplemented with ADC enrichment containing lOug/ml 
kanamycin . 

25 Genomic DNA from mycobacterial tr ans f ormant s was 

digested with restriction enzymes, elec trophor e s ed in 

agarose gels, transferred to nitrocellulose and probed 

3 2 

with DNA labelled with P by nick translation, all using 
standard procedures . 
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Expression of the 65kD M^_le£rae protein was 
demonstrated using Western blot techniques. Lysates of 
mycobacterial and E_^_coli trans formants were subjected to 

05 SDS polyacry lamide gel electrophoresis, electro- trans- 
ferred to nitrocellulose, and probed with the monoclonal 
antibody IIIE9 at a dilution of approximately 1:1000 
using standard techniques. The Protoblot kit (Promega 
Biotec) was used to detect binding of the antibody and 

10 was used according to the manufacturer's instructions. 
This resulted in detection of expression of the 65kD 
protein in cells transformed with the plasmid containing 
the M_. le£rae gene . 

Equivalents 

15 Those skilled in the art will recognize, or be able 

to ascertain, using no more than routine experimentation, 
many equivalents to the specific embodiments of the 
invention described specifically herein. Such 
equivalents are intended to be encompassed in the scope 

20 of the following claims. 
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CLAIMS 

1. A recombinant mycobac ter ium capable of expressing 
DNA of interest stably integrated into a selected 
site of genomic DNA of the recombinant 
05 mycobac ter ium . 



2. A recombinant mycobac ter ium of Claim 1 wherein the 
DNA of interest encodes at least one protein or 
polypeptide selected from the group consisting of: 
antigens, enzymes, lymphokines , immunopotent iators 

10 and reporter molecules. 

3. A recombinant mycobacter ium of Claim 2, wherein the 
DNA of interest encodes at least one protein antigen 
selected from the group consisting of: 

a. antigens selected from the group consisting of: 
15 1 . MX££ b a£ £ ££i:£E_i£EE £ e__ antigens ; 

2 • !ll££^£££liHIB_£Bk£I£^l££i£ antigens ; 

3. malaria sporozoites ; 

4. malaria merozoites; 

5. diphtheria toxoid; 
20 6. tetanus toxoids; 

7. Leishmania antigens; 

8. Salmonella antigens; 

9 . fc££bacterium_africanum antigens ; 

1 0 . ^Y££k£££££iHI£_i££racel lulare antigens; 
25 11- MZ££b a c t e r i urn avium antigens; 

12. Treponema antigens; 

13. Pertussis antigens; 

14. Herpes virus antigens; 

15. Keasles virus antigens; 
30 16. Mumps virus antigens; 
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17 . 


Shigella antigens ; 




18 . 


Neisseria antigens ; 




19. 


Borrelia antigens; 




20. 


rabies antigens; 




21. 


polio virus antigens; 




22 . 


Human immunodeficiency 


virus antigens 


23 . 


snake venom antigens ; 




24. 


insect venom antigens; 


and 


25 . 


vibrio cholera 





10 b. steroid enzymes; 

c. interleukins 1 through 7; 

d. tumor necrosis factor a and £; 

e. interferon a, 0 and 7; and 

f . reporter molecules selected from the group 
15 consisting of luciferase; /3 - galac t os idas e ; /3 

glucuronidase and catechol dehydrogenase. 

4. A recombinant mycobacter ium of Claim 3, which is 
selected from the group consisting of: 

20 



a . 


Mycobacterium 


smegmatis ; 


b. 


Myc obac t e r ium 


bovis-BCG; 


c . 


MZ££kac terjLum_ 


^aviuin ; 


d. 


Mjcobacterium 


£hlei ; 


e . 


Mycobac t e r ium 


f ortui turn ; 


f . 


My cobacterium 


luf u ; 


g- 


Mycobacte r ium 


£aratuberculosis; 


h. 


Mycobac t e r ium 


habana ; 


i . 


Mycobac ter ium 


s cr 0 fu lace urn ; 


j - 


Mycobacterium 


intracellular; and 


k. 


any genetic variants thereof. 
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A recombinant mycobacterium capable of expressing 
DNA of interest stably integrated at a selected site 
in the mycobacterial genomic DNA, the DNA of 
interest consisting essentially of nucleotide 
sequences encoding at least one protein selected 
from the group consisting of: antigens , enzymes, 
lymphokines, immunopo tentiator s and reporter 
molecules . 

A recombinant mycobacterium of Claim 5, which is 
^coba^ter ium_bovis BCG, ^cobacterium_smegmatis or 
a genetic variant thereof. 

7. A recombinant mycobacterium which is recombinant 
M2££bacterium_bovis -BCG , recombinant Mycobacterium 
smegmatis, or a genetic variant thereof, said 
recombinant mycobacterium capable of expressing DNA 
of interest stably integrated into genomic DNA at a 
selected site, the DNA of interest encoding at least 
one protein or polypeptide of interest. 

8. A recombinant mycobacterium of Claim 7 wherein the 
protein or polypeptide of interest is selected from 
the group consisting of: antigens, enzymes, 
lymphokines, immunopo tent ia tors and reporter 
molecules . 

9. A recombinant mycobacterium of Claim 8, wherein the 
antigen is selected from the group consisting of: 

a. antigens selected from the group consisting of: 

1 . My cob act erium_le£rae_an t i g ens ; 

2 . ^I££bacterium_tuberculosis .antigens; 

3. malaria sporozoites; 
30 4. malaria merozoites; 



20 
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D . 


diphtheria toxoid; 




o . 


tetanus toxoids; 




-7 


Leishmania antigens ; 




Q 

O . 


Salmonella antigens ; 




Q 


Mycobacterium africanum antigens; 


i n 




antigens ; 


i i 
1 x . 


££iiiI5_^Ziliin antigens 






Treponema antigens ; 




13 . 


Pertussis antigens ; 




T A 


Herpes virus antigens; 




1 c: 
1 J . 


Measles virus antigens; 




1 £ 


Mumps virus antigens; 




1 7 . 


Shigella antigens ; 




18 . 


Neisseria antigens; 




19 . 


Borrelia antigens ; 




20 . 


rabies antigens; 




21. 


polio virus .antigens; 




22 . 


Human immunodeficiency virus 


antigens ; 


23 , 


snake venom antigens; 




24. 


insect venom antigens; and 




25 . 


vibrio cholera 





steroid enzymes; 
interleukins 1 through 7; 
tumor necrosis factor a and 0; 
interferon a, /3 and 7; and 

reporter molecules selected from the group 
consisting of luciferase; j3 - galac tos idas e ; 0 
glucuronidase and catechol dehydrogenase. 
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10. A recombinant mycob ac t er ium capable of episomal 
expression of DNA of interest, the DNA of interest 
present in the recombinant mycobac ter ium 
extrachromosomally and encoding at least one 
protein or polypeptide of interest. 

11. A recombinant mycobac ter ium of Claim 10 wherein the 
protein or polypeptide is selected from the group 
consisting of: antigens, enzymes, lymphokines , 
immunopo tentiators and reporter molecules . 

10 12. A recombinant mycobac terium of Claim 11, which is 

t e r ium_b o v 1 s - B C G or Mycobac ter i um_ smegma t is . 

13. A shuttle plasmid vector, capable of replicating and 
expressing DNA of interest in coli and in 
mycobacteria, which is a mycobacterial -E^_coli 

15 hybrid plasmid. 

14. A shuttle plasmid vector, capable of replicating and 
expressing DNA of interest in E,_ coli and in 
mycobacteria, comprising: 

a. DNA necessary for replication and selection of 
20 the plasmid in E^coli ; 

b. DNA encoding a selectable marker for selection 
of the plasmid in mycobacteria; 

c. an origin of replication functional -in 
mycobacteria; and 

25 d - DNA of interest, inserted into a nonessential 

site of a plasmid capable of replicating in a 
mycob ac ter ium . 
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A hybrid mycobacterial-bacterial vector, comprising 
bacterial plasraid DNA, mycobacterial plasmid DNA and 
DNA of interest, said hybrid vector capable of 
replicating and expressing DNA of interest in 
coli and capable of replicating and of expressing 
DNA of interest in a mycobac terium , comprising: 

a. E_. coli plasmid pIJ666 DNA, comprising the neo 

gene from Tn5 and the P15A origin of replica- 
tion from pACYC184 and the cat gene from 
pACYC184 ; 

b. plasmid pAL5000 DNA; and 

c. DNA of interest, 

the E^coli plasmid DNA inserted within the pAL5000 
DNA . 

A hybrid mycobac terial -bac terial vector of Claim 15 
wherein the DNA of interest encodes at least one 
protein or polypeptide. 

A hybrid mycobacterial -bac terial vector of Claim 16 
wherein the DNA of interest encodes at least one 
protein or polypeptide selected from the group 
consisting of: antigens, enzymes, lymphokines, 
immunopotent iators and reporter molecules. 

A shuttle phasmid vector, capable of replicating in 
£_L_c£il as a plasmid and of lysogenizing 
mycobacteria, comprising the following components: 

a. a bacterial origin of replication; 

b. DNA encoding a selectable marker for selection 
of the phasmid in E_ L _£o 1 i ; 

c. a unique EcoRI, site ^ 

d. lambda phage cos sites; and 
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e. DNA encoding a selectable marker for selection 

of the phasmid in mycobacteria, 
the components inserted into a nonessential region 
of genomic DNA of a temperate raycobacte r iophage . 

05 19. A shuttle phasmid of Claim 18, wherein the bacterial 
origin of replication is ColEl; DNA encoding a 
selectable marker for selection of the phasmid in E . 
££ii is a gene encoding ampicillin resistance; and 
DNA encoding a selectable marker for selection of 

10 the phasmid in mycobacteria is a gene encoding 

kanamycin resistance; and the temperate 
mycobacteriophage is LI. 

20. A shuttle phasmid vector, capable of replicating In 

JL coJLi as a plasmid and of lysogenizing 

mycobacteria, which is an LI mycobacteriophage: : 
coli cosmid pHC79 hybrid. 

21. The LI shuttle phasmid designated phAE15 , comprising 
the E^_co li cosmid pHC79 inserted into a 
non-essential region of the genome of LI 
mycobacteriophage . 

22. 



15 



20 



A £££-att shuttle vector, capable of replicating in 
a mycobacterium and stably integrating into 
mycobacterial genomic DNA, comprising: 
a. a bacterial origin of replication; 
25 b - DNA encoding a selectable marker for selection 

of the vector in a bacterial host; 

c. DNA encoding a selectable marker for selection 
of the vector in mycobacteria; 

d. the act region of a temperate 
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mycobac ter iophage ; and 
e. a lambda phage cos site. 

23. Isolated DNA encoding a bacterial plasmid origin of 
replication capable of replicating 

05 extrachr omosomally in a mycobac terium . 

24. A recombinant mycobac ter ium having incorporated 
stably therein a bacterial -mycobac terial shuttle 
plasmid of Claim 13. 

25. A recombinant mycobac ter ium of Claim 24 wherein the 
10 bacterial-my£obacterial shuttle plasmid is an 

coli -mycobacterial shuttle plasmid. 

26. A recombinant Mycobacterium of Claim 25 which is 
recombinant Myc obac ter ium_ smegma t is or recombinant 
MY££kit£i£iiHS— k£XA£ - BCG . 

15 27. A recombinant mycobac te r ium capable of episomal 

expression of DNA of interest encoding at least one 
protein or polypeptide of interest, the DNA of 
interest present in the recombinant mycobac ter ium in 
a bacterial-mycobacterial shuttle plasmid of Claim 

20 15. 

28. A recombinant my cobac t er ium of Claim 27 wherein the 
protein or polypeptide of interest is selected from 
the group consisting of: antigens, enzymes, 
lymphokines, immunopo tentiator s and reporter 
25 .molecules. 
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29. A recombinant mycobac terium of Claim 27, wherein the 
DMA of interest encodes at least one protein antigen 
selected from the group consisting of: 

a. antigens selected from the group consisting of: 
05 1 . ^Z££^^£ ter ium_l e£r ae_ antigens; 

2 . M£cob ac ter ium tuberculosis antigens; 

3. malaria sporozoites; 

4. malaria raerozoites; 

5. diphtheria toxoid; 
10 6. tetanus toxoids; 

1. Leishmania antigens; 
8. Salmonella antigens; 

9 • ^Z£2]l££terium_af ricanum antigens ; 

10 . !ll££bacteriuffi_intracellu antigens ; 
15 11. Yc ob a cterl urn avium ant i gens ; 

12. Treponema antigens; 

13. Pertussis antigens; 

14. Herpes virus antigens; 

15. Measles virus antigens; 
20 16. Mumps virus antigens; 

17. Shigella antigens; 

18. Neisseria antigens; 

19. Borrelia antigens; 

20. rabies antigens; 

25 21. polio virus antigens; 

22. Human immunodeficiency virus antigens; 

23. snake venom antigens; 

24. insect venom antigens; and 

25. vibrio cholera 
30 b. steroid enzymes; 

- c. interleukins 1 through 7; 

d. tumor necrosis factor a and j3 ; 

e. interferon or , fi and y ; and 
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f. reporter molecules selected from the group 

consisting of luciferase; /3 - galac t o s idas e ; y3 
glucuronidase and catechol dehydrogenase. 

30. A recombinant mycobacterium of Claim 29, which is 
05 selected from the group consisting of: 





a . 


MX££b5£££Ei£2L 


-£E££E££i£ I 




b. 


Mycobacterium 


bovis - BCG ; 




c . 


Mycobacterium 


avium ; 




d. 


Mycobacterium 


£hle i ; 


10 


e . 


Mycobacterium 


f or tui turn ; 




f . 


My cobacteri urn 


luf u ; 




8- 


Mycobac ter ium 


garatuberculos is ; 




h. 


Mycobacterium 


habana ; 




i . 


Mycobacterium 


scrof ulaceum ; 


15 


j • 


Mycobacterium 


intracellular ; and 



k. any genetic variants thereof. 

31 . A recombinant mycobacterium stably lysogenized with 
a temperate shuttle phasmid comprising 

mycobac teriophage DNA , bacterial cosmid DNA and DNA 
20 of interest. 

32. A recombinant mycobacterium of Claim 31, wherein the 
mycobac ter iophage DNA is LI DNA and the bacterial 
cosmid DNA is E. coli DNA. 



33. A recombinant mycobacterium of Claim 32, wherein th 



25 



e 



DNA of interest encodes at least one protein antigen 
selected from the group consisting of: 

a. antigens selected from the group consisting of: 
1 . ^2£ok^£££liiHn!_l£££3:S_an t i gens ; 
2 . ^Z££^£££££i£E_££k££££i££ i£ antigens ; 
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3 . 


malaria sporozoites ; 




4. 


malaria merozoites ; 




5 . 


diphtheria toxoid ; 




6 . 


tetanus toxoids ; 




7 . 


Leishmania antigens ; 




8 . 


Salmonella antigens ; 




9 . 


Mycobacterium africanum antigens: 


10. 


Mycobacterium intracellulars 


antigens ; 


11. 


Mycobacterium avium antigens 




12. 


Treponema antigens ; 




13 . 


Pertussis antigens ; 




14. 


Herpes virus antigens ; 






Measles virus antigens; 




16. 


Mumps virus antigens; 




17 . 


Shigella -antigens; 




18. 


Neisseria antigens ; 




19. 


Borrelia antigens ; 




20. 


rabies antigens; 




21. 


polio virus antigens; 




22 . 


Human immunodeficiency virus 


antigens ; 


23. 


snake venom antigens ; 




24. 


insect venom antigens; and 




25 . 


vibrio cholera 





steroid enzymes ; 
interleukins 1 through 7; 
tumor necrosis factor a and p ; 
interferon a, and 7; and 

reporter molecules selected from the group 
consisting of luciferase; p - ga l ac t o s idas e ; fi 
glucuronidase and catechol dehydrogenase. 
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Recombinant Mycobacterium smegmatis lysogenized with 
shuttle phasmid phAE19 , deposited at the American 
Type Culture Collection under Accession No. 67746. 

Recombinant Mycobacterium BCG- Pasteur substrain 
P1173P2 transformed with shuttle plasmid pYUPllOO, 
deposited at the American Type Culture Collection 
under Accession No. 67745. 

A plasmid vector for integration of DNA of interest 
into mycobacterial genomic DNA comprising: 

a. DNA sequences homologous to DNA sequences in 
mycobacterial genomic DNA; 

b. DNA sequences necessary for replication and 
selection of the plasmid in E. coli ; 

c. DNA sequences necessary for selection of the 
plasmid in mycobacteria; and 

d. DNA encoding at least one protein or at least 
one polypeptide to be expressed in mycobacteria. 

A recombinant plasmid capable of replicating in E^ 
££ll and incapable of replicating in mycobacteria, 
compr i s ing : 

a. a mycobacterial PyrF gene inserted at the BamHI 
site of pUC19 ; 

b. a gene encoding drug resistance; and 

c. DNA encoding at least one protein antigen or at 
least one polypeptide antigen. 

A recombinant plasmid of Claim 37, wherein the gene 
encoding drug resistance is a gene encoding 
kanamyc in resistance. 
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39, Plasmid DNA containing DNA from pUC19 , Mycobacterium 
smegmatis and Tn903 , designated pRHHOO , deposited 
at the American Type Culture Collection under 
accession number 40468. 

05 40. A method of introducing DNA encoding an antigen of 
interest into a mycobacter ium , comprising stably 
integrating into the mycobacterial genome a 
mycobacterial PyrF gene having inserted therein a 
gene encoding drug resistance and DNA encoding the 

10 antigen of interest. 

41. A recombinant p lasmid *compr is ing pUC19 DNA; DNA 

homologous with a portion of mycobacterial DNA; DNA 
of interest; arid DNA necessary for selection of the 
plasmid in mycobacteria. 

15 42. A method of integrating into a mycobacterial genome 
DNA encoding a protein or a polypeptide to be 
expressed in the mycobacter ium , comprising the steps 
of: 

a. transforming mycobacteria with a recombinant 
plasmid comprising: 1) DNA homologous in sequence 
to a portion of mycobacterial genomic DNA; 2) DNA 
necessary for replication and selection in E^_coli ; 

3) -DNA necessary for selection in mycobacteria; and 

4) DNA encoding the protein or the polypeptide to be 
25 expressed, under conditions appropriate for 

recombination of DNA in the plasmid homologous in 
sequence to mycobacterial genomic DNA and the 
- homologous mycobacterial genomic DNA to occur; and' 
b. selecting mycobacterial cells in which 
homologous recombination has occurred. 



20 



30 
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A method of stably integrating into a mycobacterial 
genome DNA of interest, comprising the steps of: 

a. introducing into mycobacterial cells, by 
elec troporation , a recombinant plasraid comprising: 
1) DNA homologous in sequence to a portion of the 
mycobacterial genome; 2) DNA necessary for 
replication and selection in E^_coli; 3) DNA 
necessary for selection in mycobacteria; and 4) the 
DNA of interest; 

b. plating e le c tr op o r at e d cells onto medium on 
which only mycobacterial cells having the 
recombinant plasmid integrated into their genome can 
survive ; and 

c. plating surviving cells onto medium on which 
only mycobacterial cells having the DNA of interest 
stably integrated into their genome can survive. 

A method of producing recombinant mycobacteria 
having DNA of interest stably integrated into 
genomic DNA, comprising the steps of: 

a. introducing into mycobacteria, by 
electroporation , a recombinant plasmid comprising 
pUC19 DNA, the mycobacterial PyrF gene, a gene 
encoding kanamycin resistance and the DNA of 
interest, the PyrF gene having inserted therein the 
gene encoding kanamycin resistance and the DNA of 
interest and maintaining the resulting mycobacteria 
under conditions appropriate for homologous 
recombination to occur; 

b. culturing e lec tr opor at ed mycobacteria onto 
medium containing kanamycin; 

c. transferring mycobacteria, cultured i r -n step (b)> 
onto medium containing f 1 uo r o - o r o t i c acid; and 
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d. isolating mycobacteria which grow on the 
fluoro- orotic acid- containing medium. 

45. A vaccine comprising a recombinant mycobacter ium 
having DNA of interest stably integrated into 
genomic DNA, the DNA of interest encoding a protein 
or a polypeptide to which an immune response is 

des ired . 

46. A vaccine of Claim 45, wherein the recombinant 
% mycobacterium is My c ob a c t e r i um_b o v i s_ - BCG , 

^Z££^ a c t e r ium_s me gma t i s , or a genetic variant 
thereof . 

47. A method of immunizing a mammalian host against one 
or more pathogens, comprising administering to said 
host a recombinant mycobacterium, s aid^ recombinant 
mycobacterium having stably integrated into its 
genome DNA encoding at least one protein antigen for 
each of said pathogens. 

48. A method of making a vaccine for immunization of a 
mammalian host against one or more pathogens, 
comprising stably integrating into the genome of 
Mgc o b a c t e r i urn bovis-BCG DNA encoding at least one 
protein antigen for each of said pathogens. 



49 



25 



A method of introducing a shuttle plasmid capable of 
replicating and of expressing foreign DNA in E_. coli 
and in mycobacteria into an intact mycobacterium, 
comprising combining the shuttle plasmid and the 
mycobacteria in an . appropriate elec tr oporation 
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buffer and subjecting the combination to a single 
pulse of electroporation, 

A method of Claim 49 wherein the single pulse of 
electroporation is 25uF at 6250 V/cm. 

A method of Claim 49 wherein the shuttle plasmid is 
shuttle plasmid pYUPHOO and the intact 
mycobacter ium is selected from the group consisting 
o f M2££ki£5iliHI!!-S5e5matis , c o b a c t e r i ura_b o v i. s - BCG , 
MZ££k££ £ ££iH21_SZiiiH! > ^X£2H a .£_&£ZlHE_E]lii~l , Myco^ 
b *£i: ££iHS_f £££Hi£H5! » M2££^^£££Zi:Hi5_iH^H > Kjcob ac^ 
£££ lum_p^r a t£i>££ £Hl£ll i> , ^yc o b a c t e r i. um_h ab ana , 
^Z££k^£££^iH!B_££^£J!Miaceum and M^cobacteriuni_intra- 
c e _llul. ar e . 

A method of introducing shuttle plasmid DNA capable 
of replication and expressing foreign DNA in E J __coli 
and in mycobacteria into an intact my c ob ac t e r ium , 
compris ing 

a) combining: 1) a recombinant plasmid library , 
the library comprising recombinant plasmid DNA 
consisting essentially of bacterial plasmid DNA 
and DNA from a plasmid that replicates in 
mycobacteria and 2) the mycobacteria in an 
appropriate electroporation buffer; and 

b) subjecting the combination formed in a) to a 
single pulse of electroporation of sufficient 
magnitude and duration to cause passage into 
the mycobacteria of recombinant plasmid DNA . 
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53. A method of Claim 5 2 wherein the intact 

mycobac ter ium is selected from the group consisting 
o f : M y c o bacteri urn sn*ggmati.£ , My e <o b a c t ££ i£I5 
bovis - B C G , My cob act ££i:£EI_ ^XiHHL » ^Z££k^£i e .£iHS-.E^i£i » 
^2££^£££££iii2!_£££ tui t um , M^cobacterium_lufu , 
Mycobacterium paratuberculosis , Mycobacterium 
habana , ^Y££^££^£^iHIIl_^£^£££i3.£ e .£IIl and Mycobacterium 
Intracellulars . 

54. A method of Claim 53 wherein the recombinant plasmid 
library is a pi J6 6 6 : : pAL5000 library and the. single 
pulse electroporation is 25uf at 6250 V/cm, 



55. A method of detecting the occurrence of a selected 
pathogenic organism in a sample, comprising the 
steps of: 

15 a - providing a shuttle phasmid specific for the 

pathogenic organism, the shuttle phasmid 
comprising DNA encoding a reporter molecule and 
a promoter capable of functioning in the 
pathogenic organism, expression of the DNA 

20 encoding a reporter molecule being under the 

control of the promoter; 

b. combining the sample with the shuttle phasmid, 
under conditions appropriate for introduction 
of shuttle phasmid DNA into the pathogenic 

25 organism ; 

c. maintaining the product of step (b) under 
conditions appropriate for expression of the 
DNA encoding the reporter molecule; and 

- d. detecting the reporter molecule. 
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56. A method of Claim 55 wherein the pathogenic organism 
is a mycobac ter ium , the promoter is a mycobacterial 
promoter and the reporter molecule is luciferase. 
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